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Executive Summary 

This report contains a screening ecological risk assessment @ERA), constituting Steps 1 and 
2 of the ecological risk assessment (ERA) process, and the first step (Step 3) of a baseline 
ecological risk assessment (BERA) for Bausch Creek, as associated with Site 1 (Camp Allen 
Landfill), Naval Station Norfolk (NSN), Norfolk, Virginia. This ERA was conducted in 
accordance with the Navy Policy for Conducting Ecological Risk Assessments (CNO 1999), 
the Navy guidance for implementing this ERA policy (NAVFAC 2001), and the Navy/Tier 
II ERA approach developed for U.S. Environmental Protection Agency (USEPA) Region 3. 
The CNO ERA policy and guidance, which describe a process consisting of eight steps 
organized into three tiers, are conceptually sirnilar to the eight-step ERA process outlined in 
USEPA ERA guidance for the Superfund program (USEPA 1997a). 

Objectives’ 
The general objectives of the SERA were to: (1) determine if potential risks to ecological 
receptors warrant either additional assessment beyond the conservative screening steps of 
the ERA process (unacceptable ecological risks are possible), or the removal of the site from 
further ecological consideration (no unacceptable ecological risks likely); (2) focus the 
subsequent steps of the ERA process on the specific chemicals, pathways, and receptors of 
potential concern if unacceptable ecological risks are possible; and (3) identify any data gaps 
or areas of unacceptable uncertainty that may require the collection of additional data to 
support ERA evaluations beyond the screening level. If the site is not screened out in the 
SERA, the evaluation continues to Step 3. The general objectives of the Step 3 ERA were to: 
(1) refine the risk estimates from the SERA to determine if risks to ecological receptors from 
site-related chemicals are likely to occur based upon realistic exposure scenarios; and (2) 
focus subsequent data collection activities if potential risks are indicated, uncertainties are 
unacceptably high, and/or data gaps are identified. 

Site Description 
Bausch Creek is located entirely on NSN. The creek channel has been significantly altered 
from historic conditions and most of the bordering vegetated wetlands have been filled as 
part of facility development. Currently, portions of the creek are lined or walled with 
concrete. The creek has been channelized over most of its length and it flows through 
underground culverts over part of its length. The headwaters of the creek consist of two 
branches, the eastern branch, which flows west past the northern edge of the Camp Allen 
Landfill (CAL), and the western branch, which flows west and then north along the 
southern and western edges of the CAL. Several small tributaries enter the western branch 
from the west. The two branches merge near the northwestent edge of the CAL. The creek 
then flows north and then west for about 2,000 feet (ft) before entering an underground 
culvert that traverses the overrun portion of the airfield runway. Three principal tributaries 
enter the creek from the west and one enters (through an underground pipe} from the east 
within this stretch. Just downstream of where Bausch Creek emerges from the concrete 
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culvert, a tributary that drams the area around the CD Landfill enters the creek from the 
west. The creek then flows north, then west, and then south before entering a 3,900-ft 
underground culvert. Just before turning south, a tributary that drains parking lots and 
commercial development enters the creek from the north. The downstream end of the 3,900- 
ft culvert is the creek’s outfall to Willoughby Bay. 

Twenty-nine outfalls discharge directly to Bausch Creek between its headwaters near the 
CAL and its confluence with Willoughby Bay. Most of these outfalls carry storm water 
runoff not associated with a regulated industrial activity. Some of these outfalls carry storm 
water runoff from airfield and vehicle maintenance activities; only one of these 29 outfalls is 
associated with industrial drainage. Available data suggest that most of the complex of 
remnant tributaries that comprises the Bausch Creek system is influenced by the daily tides 
Exceptions include most of the eastern branch of the creek, the extreme upper portions of 
the western creek branch, and the upper portions of the four tributaries (including the 
ditches near the CD Landfill) that enter the main creek channel from the west. Salinity is 
highest in the lower portions of the creek complex (15 to 18 parts per thousand) with the 
headwater areas (not influenced by daily tidal flow) generally consisting of freshwater. The 
salinity in the system also fluctuates regularly based upon the point in the tidal cycle and 
the amount of freshwater input from precipitation events due to runoff. Substrate type is 
somewhat variable within the creek system but most sediments are composed of silt-clay, 
are soft and dark, are rich in organic matter (especially in the wetland areas), and give off a 
sulfide odor when disturbed. A few areas near roads are composed of mostly sand and are 
low in organic matter. Sediments in some areas had strong petroleum odors and released a 
visible sheen when disturbed. This typically occurred only in samples taken near the 
runway and near major roads. 

Ecoiogical Risk Ass&sment Results 

Surface Water 
Potential risks are possible in portions of the upper reaches of the Bausch Creek system. In 
these reaches, five metals (aluminum, copper, iron, manganese, and mercury) exceeded 
surface water screening values based upon mean detected dissolved concentrations. The 
mean hazard quotients (HQs) for aluminum, iron, and mercury were 2or less but exceeded 
10 for copper and manganese. Cadmium, lead, nickel, and zinc also exceeded screening 
values based upon total, but not dissolved, concentrations. The mean HQs for these four 
metals were generally two or less. No organic chemical exceeded surface water screening 
values based upon a detected concentration. Surface water samples from the main creek 
channel were not available for the lower reaches. 

Surface Sediment 
In sediments from the upper reaches, 11 metals (arsenic, barium, cadmium, chromium, 
copper, lead, mercury, nickel, selenium, silver, and zinc), four pesticides (4,4’-DDD, 4,4’- 
DDE, 4,4’-DDT, and dieldrin), Aroclor-1260, seven PAHS, and two phthalates exceeded 
screening values based upon mean detected concentrations. The HQ for total PAHs (1.29) 
exceeded one based upon mean concentrations but was influenced by elevated reporting 
limits in several 1999 samples. Based only upon detections, the mean HQ for total PAHs 
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was 0.39. The magnitude of the sediment exceedances was low (HQs of 1.5 or less) for 
barium, mercury, nickel, selenium, and several of the PAHs. The frequency of detection was 
5 percent or less for dieldrm, acenaphthylene, and butylbenzylphthalate. A comparison of 
sediment concentrations for non-polar organic chemicals to equilibrium partitioning-based 
sediment quality criteria, which provide a measure of bioavailability, suggests that potential 
exposures and risks are limited for organic chemicals. Only mercury exceeded (based upon 
LOAELs) ingestion screening values for mean food web exposures in the upper creek 
reaches. These exceedances were limited to the two piscivorous avian receptors (great blue 
heron and belted kingfisher); HQs were less than two. 

The frequency and magnitude of sediment exceedances in the lower reaches of the Bausch 
Creek system were much lower relative to the upper reaches. Three metals (arsenic, 
cadmium, and selenium), five pesticides (4,4’-DDD, 4,4-DDE, 4,4’-DDT, alpha-chlordane, 
and gamma-chlordane), two PAHs, and diethylphthalate exceeded screening values based 
upon mean detected concentrations. The HQ for total PAHs (1.13) exceeded one based upon 
mean concentrations but was influenced by elevated reporting limits in several 1999 
samples. Based only upon detections, the mean HQ for total PAHs was 0.20. Data from four 
1999 subsurface sediment samples collected from the lower reaches of the creek showed 
very similar Chemicals of Concern (COCs) and very similar exceedance magnitudes relative 
to surface sedirnentsamples. 

The magnitude of the sediment exceedances in the lower reaches was low (HQs of two or 
less) for arsenic, selenium, and the SVOCs. A comparison of sediment concentrations for 
non-polar organic chemicals to equilibrium partitioning-based sediment quality criteria, 
which provide a measure of bioavailability, suggests that potential exposures and risks are 
limited for these organic chemicals in the lower reaches. No chemical exceeded (based upon 
LOAELs) ingestion screening values for mean food web exposures. 

The Bausch Creek system has been significantly altered (channelized) from its original state 
and currently provides limited habitat values for most ecological receptors. Most of the 
existing habitat values are provided by the few remaining vegetated wetland areas. Major 
remedial and removal projects have been completed, or are in progress, at major source 
areas (CAL, Camp Allen Salvage Yard [CASY], and the CD Landfill) in the upper portions 
of the Bausch Creek system. Therefore, potential contaminant migration pathways from 
these sources to Bausch Creek have been, or soon will be, eliminated. A qualitative analysis 
of spatial trends suggests that chemicals are not migrating (and have not migrated) far from 
source areas in significant quantities and that the concentrations of chemicals are generally 
decreasing over time (likely reflecting the results of remedial actions). In general, the highest 
sediment concentrations were associated with CASY and the portion of Bausch Creek 
immediately north of CAL, while the lowest concentrations were generally associated with 
the lower portions of Bausch Creek furthest from CASY and CAL. This suggests that 
chemicals related to these sources are not migrating (and have not migrated) to the lower 
portions of Bausch Creek (north of the runway), and/or to Willoughby Bay, in significant 
quantities. In general, metal concentrations were similar in surface and subsurface sediment 
samples, concentrations of pesticides and l?CBs tended to be higher in subsurface samples, 
and PAHs tended to be higher in surface samples. 
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SECTION 1 

Introduction 

This report contains a screening ecological risk assessment (SERA), constituting Steps 1 and 
2 of the ecological risk assessment (ERA) process, and the first step (Step 3) of a baseline 
ecological risk assessment (BERA) for Bausch Creek, as associated with Site 1 (Camp Allen 
Landfill), Naval Station Norfolk (NSN), Norfolk, Virginia. Figure l-l shows the location of 
Site 1 and Bausch Creek. 

I .I Ecological Risk Assessment Process 
This ERA was conducted in accordance with the Nuzy Pdicyfur Conducting Ecological Risk 
Assessments (CNO 1999), the Navy guidance for implementing this ERA policy (NAVFAC 
2001), and the Navy/Tier II ERA approach developed for U.S. Environmental Protection 
Agency (USEPA) Region 3. The CNO ERA policy and guidance, which describe a process 
consisting of eight steps organized into three tiers, are conceptually similar to the eight-step 
ERA process outlined in USEPA ERA guidance for the Superfund program (USEPA 1997a). 
The major differences between the Navy ERA policy/guidance and the USEPA ERA 
guidance are: (1) the Navy policy/guidance provides clearly defined criteria for exiting the 
ERA process at specific points; (2) the Navy policy/guidance divides Step 3 (the first step of 
the BERA) into two distinct sub-steps (Steps 3A and 3B), with a potential exit point after 
Step 3A; and (3) the Navy policy/guidance incorporates risk management considerations 
throughout all tiers of the ERA process. 

. Steps 1 and 2 of the ERA process constitute the SERA, which is conducted using 
intentionally conservative assumptions. If complete exposure pathways exist at a site and 
the results of the SERA indicate that risks are possible, the site normally continues on to 
Step 3, the first step of the BERA. As indicated above, Step 3 is divided into two distinct sub- 
steps in Navy ERA guidance. 

Step 3 of the USEPA ERA guidance consists of the following activities (USEPA 1997a): 

1. Refinement of the preliminary Chemicals of Potential Concern (COPCs} from the SERA. 

2. Further characterizing the potential ecological effects of contaminants. 

3. Refining information on contaminant fate and transport, complete exposure pathways, 
and receptors potentially at risk. 

4. Selecting assessment endpoints. 

5. Refining the conceptual model and risk hypotheses from the SERA. 

Step 3A of the Navy policy/guidance (refinement of conservative exposure assumptions) 
corresponds to the first activity listed above for the USEPA ERA guidance. In Step 3A, a 
refined evaluation of exposure estimates is conducted using more realistic assumptions and 
additional methodologies relative to those used in the SERA, which is intended to be a very 
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conservative assessment. Examples of more realistic exposure assumptions include using 
central tendency (e.g., arithmetic mean) estimates (rather than maximurns) for media 
concentrations, bioaccumulation factors, and exposure parameters. Examples of additional 
methodologies include consideration of background concentrations, detection frequency, 
and bioavailability (CNO 1999; NAVFAC 2001). 

If risk estimates (and their associated uncertainty) are acceptable following Step 3A, the site 
will meet the conditions of the exit criterion specified in the Navy guidance. If the Step 3A 
evaluation does not support an acceptable risk determination, the site continues to Step 3B. 

Step 3B of the Navy policy/guidance (problem formulation) corresponds conceptually to 
the last four activities listed above for the USEPA ERA guidance. In Step 3B, the preliminary 
conceptual model developed during the SERA is refined based upon the results of the 
Step 3A evaluation to develop a revised list of key receptors, complete and significant 
exposure pathways, chemicals of concern, assessment endpoints, measurement endpoints, 
and risk hypotheses. Based upon the revised conceptual model, the lines of evidence to be 
used in characterizing risk are determined. Agreement on the revised conceptual model, 
chemicals of coneern, exposure pathways, endpoints, and risk hypotheses constitutes the 
Scientific Management Decision Point (SMDP) at the end of Step 3 in both Navy and USEPA 
ERA guidance. 

1.2 Objectives 
The objectives of the SERA are to: 

l Determine if potential risks to ecological receptors warrant either: (1) additional 
assessment beyond the conservative screening steps of the ERA process (unacceptable 
ecological risks are possible); or (2) the removal of the site from further ecological 
consideration (no unacceptable ecological risks likely). 

l Focus subsequent steps of the ERA process on the specific chemicals, pathways, and 
receptors of potential concern if unacceptable ecological risks are possible. 

l Identify any data gaps or areas of unacceptable uncertainty that may require the 
collection of additional data to support ERA evaluations beyond the screening level. 

If the site is not screened out in the SERA, the evaluation continues to Step 3. The general 
objectives of the Step 3 ERA are to: 

* Refine the risk estimates from the SERA to determine if risks to ecological receptors from 
site-related chemicals are likely to occur based upon realistic exposure scenarios. 

l Focus subsequent data collection activities if potential risks are indicated, uncertainties 
are unacceptably high, and/or data gaps are identified. , 

At the conclusion of Step 3A, there are three possible decision points: 

0 No further action is warranted. This decision is appropriate if the evaluation indicates 
that sufficient data are available on which to base a conclusion of no unacceptable risk 
within acceptable uncertainty. “‘--Y 
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l Further data are required. This decision is appropriate if the evaluation indicates that 
the potential for unacceptable risk exists and additional data to refine these estimates 
(e.g., additional analytical data, measures of bioavailability) are needed. In this case, the 
site continues to Steps 3B and 4 of the ERA process. 

l Take remedial action. This decision may be appropriate for circumstances in which the 
potential for unacceptable risks was identified but these potential risks could best be 
addressed through remedial action (e.g., presumptive remedy) rather than additional 
study. 

I .3 Report Organization 
This report is divided into the following sections: 

. Section l-Introduction. Describes the purpose and scope of the ERA and outlines the 
report organization. 

l Section 2-Facility Background. Describes the environmental setting of NSN. 

l Section 3LScreening Ecological Risk Assessment. Contains the methods, results, and 
conclusions of the SERA (Steps 1 and 2). 

l Section 4Baseline Ecological Risk Assessment. Contains the methods, results, and 
conclusions of Step 3A. 

l Section 5Uncertainties. Identifies and discusses the sources of uncertainty in the ERA 
and evaluates their potential impacts on the risk conchrsions. 

l Section (i-Ecological Risk Assessment Conclusions. Summarizes the conclusions of 
the ERA. 

l Section 7-Baseline Problem Formulation (Step 3B). Contains the baseline problem 
formulation (Step 3B). 

l Section 8References. Lists the citations for all references cited in the report. 

Supporting technical data are provided in appendices. 
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SECTION 2 

Facility Background 

This section describes the facility history and general environmental setting (e.g., habitats 
and biota) of NSN. The description of the environmental setting was extracted largely from 
the latest Integrated Natural Resources Management Plan (INRMP 1997) for NSN. The 
description of the environmental setting for Camp Allen Landfill/Bausch Creek is provided 
in Section 3.3.1 as part of the screening problem formulation. 

2.1 Facility History 
NSN is the largest naval base in the United States and is situated on 4,631 acres of land in 
the northwestern portion of Norfolk, Virginia (A.T. Kearny 1992). NSN is bounded by 
Willoughby Bay to the north, the confluence of the Elizabeth and James Rivers to the west, 
and the City of Norfolk to the south and east. A portion of the eastern facility boundary is 
formed by Mason Creek (Figure l-l). 

NSN includes approximately 4,000 buildings, 20 piers, and an airfield. The western portion 
of the facility is a developed waterfront area containing the piers and facilities for loading, 
unloading, and servicing naval vessels. The remaining portions of the facility consist of a 
combination of industrial, commercial, and residential uses. Residential and recreational 
areas also border the facility to the south, east, and northeast. 

NSN began operations in 1917, when the U.S. Navy acquired 474 acres of land to develop a 
naval base to support World War I activities. Bulkheads were built along the coast to extend 
available land and, after dredge and fill operations, the total land under Navy control was 
792 acres. An additional 143 acres of land was acquired and officially commissioned for a 
naval air station in 1918. From 1936 through 1941, improvements to the piers and an 
expansion of supply/material handling facilities were also completed. During World War II~ 
a power plant, numerous runways and hangars, a tank farm, and several housing 
complexes were completed, with the total area of the facility expanding to more than 2,100 
acres. After World War II, NSN continued to acquire land through various land transfers 
and dredge and fill operations conducted in the areas of Mason Creek, Bausch Creek, and 
Willoughby Bay. 

NSN provides support to vessels, aircraft, and other activities. NSN also houses many 
tenants, each performing different operations involving the servicing and maintenance of 
vessels and aircraft. The service and maintenance of ships includes utilities hook-up, on- 
board maintenance, and coordination of ship movements in the harbor. Additional 
functions include loading, unloading, and handling of fuels and oils used aboard the 
vessels. Ship and aircraft repair operations consist of paint stripping, patching, cleaning, 
repainting, engine overhauls, and sandblasting. 
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2.2 Environmental Setting 
This section describes the general environmental setting (including physiographic features, 
habitat, and biota) of NSN. A description of the environmental setting of the Camp Allen 
Landfill and the Bausch Creek system is included in Section 3.3.1 as part of the screening 
problem formulation. 

2.2.1 Physiographic Features 
The major physiographic features of NSN and the immediately surrounding area are 
described in the following subsections. 

2.2.1.1 Climate and Meteorology 

The climate in the vicinity of the facility is moderate with relatively mild winters. Warm 
summers are frequently tempered by northeasterly winds from the Atlantic Ocean. The 
mean minimum annual temperature for this region is 50.5”F and the mean maximum 
annual temperature is 68”F, with average monthly temperatures ranging from 41.2”F in 
January to 786°F in July. Prolonged periods of cold weather seldom occur in this area and 
the daily minimum temperature rarely drops below 20°F. 

Precipitation is well distributed throughout the year. Average annual precipitation is 46.25 
inches (in.), with a monthly maximum of 6.5 in. occurring during July. Snowfall averages 
9.1 in. per year, with most occurring during December and January. Most snowfall melts 
within 24 hours. The average growing season is 244 days. 

. 
The wind velocity is less than 12 knots 80 percent of the iirne and winds seldom exceed 
20 knots. The wind direction is generally southwest in the early winter# spring, and early 
summer, with the highest velocity usually occurring during hours of darkness. However, 
northeasterly winds prevail about 25 percent of the time with the highest velocity occurring 
during daylight hours. 

The geographical position of NSN is south of the normal path of storms originating in the 
higher latitudes and north of the usual track of hurricanes and other tropical storms. At 
times, tropical storms do pass near or through the area. Typically, these storms have little 
effect other than greater than norrnal tides and higher wind velocities. Winds of hurricane 
force have occurred, on average, once every 7 years. The mean tidal range in Hampton 
Roads is 2.5 ft (LANTDIV, 1979). 

2.2.1.2 Toiwtwhy 
NSN lies within the Atlantic Coastal Plain. The elevation ranges from sea level at the 
northern and western borders of the facility to approximately 15 ft above mean sea level in 
the southeastern portion of the facility. Willoughby Bay (to the north) and the Elizabeth 
River (to the west) are the principal repositories for surface drainage from the facility. 

2.2.1.3 Soils 

Soil surveys for the Sewell’s Point area, which includes NSN, were completed by the U.S. 
Department of Agriculture, Natural Resource Conservation Service in 1983. Soils at NSN 
generally consist of fine sands and silts, with a thickness of 20 to 40 ft and low to moderate 
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permeability. Relatively impermeable sediments, composed of silt, clay, and sandy clay, 
typically underlie this upper layer of soils. Together, these strata have a combined thickness 
of about 60 ft. The average permeability of soils in Norfolk County is less than 2.5 in. per 
hour. 

Table 2-l summarizes the relative abundance of the major soil types found on NSN. These 
major soil types include: 

l Urban and Udorfhenfs-These soils are found in areas where the land surface is covered 
by impervious materials such as asphalt, concrete, or buildings, or where the native soils 
have been disturbed or altered during construction or excavation activities. About 86 
percent of NSN is covered with these soils. Permeability and available water capacity of 
these soils vary. 

l Bo$c Fine Sandy Loam nnd State Fine Savrdy Loam-These soils are deep, nearly level, and 
well drained. They are defined as Class I soils, which are well suited for agricultural 
activities. About 10 percent of NSN is covered with these soils. 

0 Munden Fine Sandy Loam and Tefofum Fine Sandy Loam-About 2.5 percent of NSN is 
covered with these soil types, which are deep, nearly level, and moderately well 
drained. These soil types are defined as Class II soils, suitable for growing vegetation. 

l Augusta Fine Sandy Loam und Dragsfon Fine Sandy Loam-Less than 1 percent of NSN is 
covered with these soil types, which are deep, nearly level, and somewhat poorly 
drained. These soil types are defined as Class II soils, suitable for growing vegetation 
except in poorly drained areas. 

Additional descriptions of the characteristics of these soils are provided in the soil survey 
report (USDA 1983). Soils at NSN are not generally susceptible to erosion due, in part, to the 
generally level topography. With the exception of man-made excavations (e.g., drainage 
canals} and exposed shorelines, the potential for soil erosion is minimal on the facility. 

There is approximately 572 acres of prime farmland on NSN. These areas contain mostly 
Class I and Class II soils which produce high yields with minimal inputs of energy. Because 
these soils represent some of the best and productive natural soils, efforts are made to retain 
them as rmdisturbed sites (INRMP 1997). 

2.2.1.4 Surface Water Bodies 

Four major surface water bodies occur on, or directly adjacent to, NSN. These water bodies 
include: (1) the Elizabeth River, which borders the facility to the west; (2) Willoughby Bay, 
which borders the facility to the north; (3) the remnants of Bausch Creek, which are located 
in the center of the facility and connect to Willoughby Bay; and (4) Mason Creek, which is 
located in the eastern portion of the facility and also connects to Willoughby Bay. The river 
and bay are both tidal estuaries that connect to the Chesapeake Bay, while portions of both 
creeks are also tidally influenced. 

Although some surface water runoff from the western portion of NSN discharges directly to 
the Elizabeth River; the majority of the facility lies within the watershed of Willoughby Bay. 
Most of the surface water runoff on NSN flows either to Mason Creek or to the remnants of 
Bausch Creek, both of which connect to Willoughby Bay via a system of subsurface pipes 
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and open ditches. A total of 172 outfalls on NSN drain directly (59) or indirectly (113) to 
Willoughby Bay. Twenty-nine of these outfalls discharge directly to Bausch Creek 
(Figure l-l). Most of these outfalls discharge storm water runoff not associated with a 
regulated industrial activity. Some of these outfalls carry storm water runoff from airfield 
and vehicle maintenance activities. Only one of the 29 Bausch Creek outfalls (Outfall 408; 
Figure l-l) is associated with industrial drainage. Outfall 408 is permitted under the VPDES 
program but monitoring is not required. This outfall is associated with storm water runoff 
and industrial drainage from the LP area of the facility. Principal activities associated with 
the LP area included aircraft maintenance hangers (Buildings LP-20 and LP-221, which are 
now vehicle maintenance facilities, and fuel storage facilities. Contaminated groundwater in 
this area is being addressed under several Corrective Action Plans (CAPS), which include 
free product recovery and monitoring. 

The northernmost channel of Mason Creek traverses NSN and empties into Willoughby Bay 
via a sub-grade aqueduct. The main channel of Bausch Creek, along with most of its 
bordering vegetated wetlands, was filled in and replaced by a network of drainage ditches 
and sub-grade pipes during the development of NSN. This system of narrow ditches and 
pipes, which is still called Bausch Creek, is interspersed throughout the central portion of 
NSN (Figure l-l). Bausch Creek empties into Willoughby Bay via a 3,900-ft sub-grade 
aqueduct. Most portions of Mason Creek and the Bausch Creek system on NSN are tidally 
influenced. The salinity varies by area, point in the tidal cycle, and inputs from surface flow 
(runoff). 

“‘\ 

The reported loo-year, static-water flood elevation on NSN is 8.5 ft above mean sea level 
(A-T. Kearny, 1992). Therefore, the portions of NSN adjacent to Willoughby Bay and the 
Elizabeth River are within the loo-year floodplain. 

2.2.1.5 Geology and Hydrogeology 

NSN is located within the outer Atlantic Coastal Plain physiographic province, which is 
characterized by low elevations and gently sloping relief. A large portion of the facility was 
developed from marine-deposited sediments consisting of sands, silts, and clays. Mu&t of 
the original soil has been altered by grading and filling operations during the development 
of the facility. Some of the fill contains considerable amounts of shells, gravel, and cobbles. 
The soil material originated from marine deposits laid down in recent geologic times 
(USDA, 1983). 

NSN is underlain by more than 2,000 ft of gently sloping sandy sediment, ranging in age 
from recent to Lower Cretaceous. The uppermost geological unit is the Cohunbian Group, 
which is composed of the Sand Bridge Formation and the underlying Norfolk Formation. 
The Colurnbia Group is approximately 60 ft thick. The upper 20 to 40 ft consist of 
unconsolidated fine sands and silts of low to moderate permeability. The lower 20 to 40 ft 
consist of relatively impermeable silt, clay, and sandy clay. The Yorktown Formation 
underlies the Columbia Group and is approximately 90 to 100 ft thick in the vicinity of the 
facility. It consists of moderately consolidated coarse sand and gravel with abundant shell 
fragments. 

The two significant aquifer systems in the area are the water table (surficial) aquifer in the 
upper 20 to 40 ft of the Columbia Group and the underIying Yorktown Aquifer. The 
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surficial aquifer is thin and consists of discontinuous heterogeneous sand and shell lenses. 
The depth to the water table is generally less than eight ft. The Yorktown Aquifer is semi- 
confined beneath a clay layer in the upper Yorktown Formation. Water-bearing zones in the 
Yorktown Aquifer consists of fine to coarse sand, gravel, and shells. 

2.2.2 Habitats and Biota 
This section briefly describes the habitats and biota on NSN. The specific habitats that are 
associated with Camp Allen Landfill and Bausch Creek, and the biota that are likely to occur 
in these areas, are described in Section 3.3.1. 

2.2.2.1 Habitat Types 

There are eight general habitat types currently found on NSN (INRMP 1997; Figure 2-l). 
They include: 

l Hardwood forest (approximately 10 acres)-hardwood forests consist of live oak, 
willow oak, and southern red oak and are scattered throughout the urban area of the 
facility in small (less than l-acre) stands. 

l Pine forest (157 acres)-pine forests consist largely of planted loblolly pine stands. 

l Mixed forest (143 acres)-mixed forests occur in stands that range in size from 0.2 to 
56 acres. Age and species composition vary by area. Tree species include sweetgum, 
black cherry, American holly, willow, willow oak, live oak, white oak, red oak, 
mulberry, sassafras, black locust, red cedar, and loblolly pine. 

. 0 Improved fields (504 acres)-improved fields are areas of herbaceous vegetation that 
receive intensive maintenance. These include mowed fields, landscaped areas, drill 
fields, athletic fields, and parade grounds. 

l Semi-improved fields (21 acres)-semi-improved fields are areas that receive periodic 
recurring maintenance, but not at the rate or intensity applied to improved fields. These 
fields presently contain many early successional species of introduced herbaceous plants 
and young red cedar. Fields are mowed at irregular intervals. 

l Unimproved fields (187 acres)-unimproved fields are defined as fields which do not 
currently receive any recurring maintenance. These areas are dominated by a variety of 
herbaceous plants and small woody shrubs. 

0 Wetland areas (316 acres; Figure 2-2)-wetland types currently found on NSN include 
Estuarine Subtidal Unconsolidated Bottom (14.8 acres), Estuarine Intertidal Emergent 
(2.5 acres), Estuarine Intertidal Unconsolidated Shoreline (0.49 acres), Palustrine 
Emergent (197.9 acres), Palustrine Forested (0.24 acres), Palustrine Scrub-Shrub/ 
Emergent (45.8 acres), Palustrine Scrub-Shrub (51.4 acres), and Palustrine 
Unconsolidated.Bottom (borrow pit; 3.0 acres). 

0 Urban land (3,292 acres)-the majority of NSN can be classified as urban land. The 
degree of urbanization varies from heavily urbanized areas, such as operations areas, to 
moderately urbanized areas, such as residential and administrative areas. Heavily 
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urbanized areas contain little or no vegetation. Moderately urbanized areas contain 
maintained lawns along with native and ornamental shrubs and trees. ,-, 

As described in Section 2.2.1.4, the major surface water bodies within and surrounding NSN 
include the Elizabeth River, Willoughby Bay, Bausch Creek, and Mason Creek. 

2.2.2.2 Flora 

A detailed inventory of the flora on NSN has not been conducted. However, a list of the 
plant species which may occur on NSN has been compiled as part of the 1997 INRMP. This 
list is contained in Tables 2-2 (general) and 2-3 (wetland areas). 

2.2.2.3 Fauna 

A detailed inventory of fish and wildlife resources on NSN has not been conducted. A list of 
avian species occurring at NSN was developed by the U.S. Fish and Wildlife Service 
(USFWS) as part of their Fish and Wildlife Plan (Audet, 1988, as cited in INRMP, 1997). The 
list includes 317 species of birds, which represent 78 percent of all bird species known to 
occur in Virginia. This list includes resident, wintering, spring and fall migrant, accidental, 
and hypothetical species that may occur at NSN, or in the immediate vicinity. Avian species 
expected to occur at NSN are listed in Table 2-4. As identified in the 1988 Fish and Wildlife 
Plan, 36 species of terrestrial mammals may occur on NSN (Table 2-5). Five species of 
marine mammals may be seen on rare occasions in the waters of the Lower Chesapeake 
Bay-Hampton Roads vicinity (Table 2-5). 

A comprehensive survey of reptiles and amphibians has not been conducted on NSN. The 
reptilian and amphibian species that are likely to occur on or adjacent to NSN, as identified 
in INRMP (1997), include 1 siren, 12 salamanders, 19 toads and frogs, 10 turtles, 4 sea 
turtles, and 32 lizards and snakes (Table 2-6). 

A list of 62 species of fish that may use the waters occurring on or surrounding NSN was 
developed for the 1988 Fish and Wildlife Plan (INRMP 1997; Table 2-7). Sixteen species of 
crustaceans and 12 species of mollusks have been reported from the lower Elizabeth River. 
Hampton Roads and the lower James River support large populations of oysters, hard 
clams, soft-shelled clams, and blue crabs. During the summer, blue crabs are also abundant 
in Willoughby Bay and Mason Creek (INRMP 1997). 

2.2.2.4 Rare, Threatened, and Endangered Species 

There are no legally protected rare, threatened, or endangered plant species confirmed on 
NSN. However, a small stand of Virginia pinweed (Lecher marifima var. z&gZc~), a Virginia 
threatened plant species, was identified on the narrow strip of land immediately north of 
I-64 (INRMP 1997). The Willoughby oak tree (a single tree) has special historic significance, 
but the species is not listed as rare, threatened, or endangered. 

At the time the INRMP for NSN was prepared (1997), there were six federally endangered, 
three federally threatened, and three federal candidates for listing that may have occurred in 
the general vicinity of NSN. Most of these potential occurrences represent transient birds or 
marine mammals. Some represent historical records from the Norfolk area. The only 
threatened or endangered species that has been sighted in recent times, either on or near 
NSN, are the American peregrine falcon (F&o peregrintrs) and the West Indian manatee 
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(T&he&us man&us). Although confirmed sightings of peregrine falcons have been made at 
_ NSN, this species was removed from the federal list on August 25,1999. In late September 

1995, a lone manatee was sighted in the Mason Creek Bridge Road area of Willoughby Bay. 
This manatee had been observed during the summer on the east coast as far north as Boston 
and was evidently heading south at the time of its visit to NSN (INRMP 1997). 
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SECTION 3 

Screening Ecological Risk Assessment 

As discussed in Section 1, Steps 1 and 2 of the ERA process constitute the SERA, which is 
conducted using intentionally conservative assumptions. The principal components of the 
SERA are problem formulation, exposure estimation, effects evaluation, and risk calculation. 

3.1 Site Background and History 
This section provides information on the site background and history of the Camp Allen 
Landfill (CAL; Site 1). Also included in this section is background information on two other 
Installation Restoration Program (IRP) sites, the CD Landfill (Site 6) and the Camp Allen 
Salvage Yard (CASY; Site 22}, that border either Bausch Creek or its tributaries. Finally, 
information on a proposed extension of Interstate-564 that will pass just north of the CAL 
and will bridge Bausch Creek is included. These sites and projects, plus storm water flow, 
are the principal source areas or activities that may (or may have in the past) irnpact 
ecological receptors in Bausch Creek. However, the defined~ scope of this ERA is focused on 
the CAL. 

3.1.1 Camp Allen Landfill (Site 1) 
The CAL is located in a developed area of the facility and is bordered by Bausch Creek on 
the north, south, and west (Figure l-l). The landfill consists of two primary areas, Area A 
(the 45-acre main landfill) and Area B (a 2-acre disposal area). Various facilities are located 
on top of (e.g., brig and heliport) and adjacent to (e.g., CASY) the landfill areas. Residential 
communities lie to the west of Area A and to the south of both areas. 

The Area A landfill was first developed in the early 1940s and was used until about 1974. 
Historically, Area A received significant quantities of municipal, solid, and hazardous 
wastes including general refuse; demolition debris; sludge from metal plating, parts 
cleaning, and paint stripping; over age chemicals; chlorinated organic solvents; acids; 
caustics; paints and thinners; pesticides; and asbestos. An incinerator burned combustible 
wastes from the mid-1940s to the mid-1960s. Incinerator ash (plus fly and bottom ash from 
the base power plant) were deposited in the landfill and items too bulky for the incinerator 
were burned in Area A (Baker 1994). Area A is now capped and m-vegetated with grasses 
that are regularly mowed. Area A is essentially surrounded by portions of Bausch Creek. 

Area B is east of Area A and is significantly smaller in size. This area received waste from a 
1971 fire at the CASY. The CASY handled lubricating oil, organic solvents, paints, paint 
thinners, acids, caustics, and pesticides. The residue and debris resulting from this fire were 
buried in trenches at Area B. Drainage ditches to the north and east of Area B are connected 
to Bausch Creek via a culvert that runs under the CASY. 

At Area B, a non-time critical removal action was implemented in May 1994 and completed 
in January 1995. This action resulted in the removal of existing drums and 11,500 tons of 
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soils contaminated with volatile organic compounds (VOCs), metals, and polychlorinated 
biphenyls (PCBs). 

f---l 

In 1994, a remedial investigation/feasibility study (RI/FS) was completed at the CAL. A 
Decision Document was signed in July 1995 that required extraction and treatment of 
contaminated groundwater. A groundwater extraction and treatment (pump and treat) 
system was constructed at the site and began continuous operation in November 1998. 
Groundwater samples were collected from site monitoring wells in March 1997 and June 
1998, and from extraction wells in August 1997, to provide baseline information on 
groundwater concentrations prior to system startup. The long-term monitoring plan for the 
CAL groundwater remediation system calls for annual sampling of 49 wells, and 5 Bausch 
Creek locations, for VOCs over a 5-year period, with sampling to occur every other year 
thereafter. Available data suggest that this system has achieved hydraulic containment of 
the groundwater plume, preventing its discharge to Bausch Creek. 

3.1.2 Camp Allen Salvage Yard (Site 22) 
The CASY is located between Area A and Area B of the CAL (Figure l-l). The CASY 
operated from the 1940s until 1995 as a salvage and scrap materials processing area. 
Activities at the CASY have included the storage and management of waste oils, used 
chemicals, and scrap industrial/commercial equipment. Metal smelting, various recycling 
activities, and miscellaneous burning have also occurred. In addition, the site was used to 
store acids, paint thinners, solvents, pesticides, and transformers. A PCB spill occurred at 
the CASY in 1989 when a transformer was damaged by a forklift; a preliminary cleanup 
action was initiated at that time. When operations at the CASY ceased in 1995, all buildings, 
incinerators, and rail lines were demolished, 

_/-- 

Site and Remedial Investigations conducted at the CASY have indicated that the surface and 
subsurface soils on the site were contaminated with PCBs, pesticides, and metals. Ditch and 
pond sediments on the site were found to be contaminated with PCBs and metals. An 
interim removal action, conducted in 1998, resulted in the removal of approximately 
4,000 tons of contaminated (predominantly with PCBs and metals) soils. 

Additional soil sampling, conducted in 2001, identified six areas (hot-spots) with elevated 
metals concentrations scattered throughout the site. As an interim measure, the Navy began 
removal of the hot-spot soils in conjunction with on-going PCB soil removal actions over a 
2-acre portion of the site. The soil removal action achieved the PCB cIeanup goals, however, 
additional analytical soil data showed that the area1 extent of metals contamination was 
more widespread than previously estimated. The Navy determined that the placement of a 
soil cover was more cost effective than the removal of all metals-contaminated soils. The 
NSN Tier I Partnering Team reached consensus on this course of action in March 2002. 
Other remedial actions determined to be necessary at CASY included capping or filling in 
the drainage channel and pond (which are connected to the Bausch Creek system) located 
adjacent to CASY and cleaning (sediment removal) or abandoning in place, then replacing, 
the storm drainage system underneath CASY (which links the CASY drainage ditch and 
pond with the eastern branch of Bausch Creek). 

The Record of Decision (ROD) for the CASY, which includes the actions described above, is 
under review by the Navy and USEPA. As of July 2002, the engineered soil cover has been 
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completed, the Bausch Creek culvert has been cleaned and lined with fiberglass, and the 
NSN Tier I Partnering Team has agreed to proceed with a proposed cover for the sediments 
in the drainage ditch and pond. 

3.1.3 CD Landfill (Site 6) 
The CD Landfill is located east of Hampton Boulevard and south of the Naval Exchange, 
and occupies approximately 22 acres (Figure l-l). The site includes two areas where landfill 
operations have occurred; the eastern (unpermitted) section and the western (permitted) 
section. The eastern portion of the landfill operated from 1974 to 1979 and was used for the 
disposal of demolition debris, inert solid waste, fly ash, and incinerator residue. In October 
1979, a permit was received from the Virginia Department of Health to use the western 
portion of the landfill for the disposal of demolition debris and other solid wastes, excluding 
fly ash, incinerator residues, chemicals, and asbestos. Landfilling operations continued in 
the western portion of the site until 1987. In 1993, most of the existing debris mounds 
situated in the north-central portion of the landfill were leveled and spread around the site. 
Two drainage ditches border the landfill to the north and south. These two ditches flow east 
and merge to form a tributary of Bausch Creek. 

A RI (including a risk assessment), performed in 1993 and 1994, and a FS, prepared in July 
1996, identified potential risks associated with contaminants in the soil, sediments, surface 
water, and groundwater, and guided the development and evaluation of medium-specific 
remedial action alternatives. A Decision Document for contaminated ditch sediments 
(Operable Unit 1) was prepared in October 1996. This document outlined a removal action 
for sediments contaminated with metals and pesticides. This action was begun, and 
partially completed, in the fall of 1997. When a landfill cap was designed to address 
Operable Unit 2 (soil and groundwater), the cap was extended to cover the remaining 
contaminated sediments, precluding the need for further removal. 

A Preliminary Remedial Action Plan (PRAP) for Operable Unit 2, issued on 1 June 1998, 
identified the preferred alternative as capping with a synthetic flexible liner, groundwater 
monitoring, and institutional controls. The final ROD was issued on 28 September 1998, 
with the final landfill cap design issued in October 1998. The construction of the landfill cap 
was completed in December 1999. A post-closure plan, also completed in December 1999, 
required groundwater and surface water monitoring, annual inspections, and maintenance 
of the landfill’s environmental controls for 10 years after the closure was completed. 

3.1.4 Proposed l-564 Project 
At present, the Virginia Department of Transportation (VDOT) has proposed a plan to 
construct an I-564 inter-modal connector that will provide an interstate connection between 
I-564 and Hampton Boulevard. This proposed road extension would cross over Bausch 
Creek and would impact some wetland areas associated with the Bausch Creek system 
(Figure 3-l). This project is not, however, expected to require major changes to the size and 
flow patterns of Bausch Creek. The proposed highway expansion would require that local 
utilities, Navy-owned ball fields, and a rail line be relocated, and would also impact the 
northernmost section of the CASY. As a result, the CASY would be covered and ball fields 
would be constructed on that site to replace those demolished during the proposed highway 
expansion. 
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3.2 Summary of Previous ERAS ,r--Y 
Two previous ERAS have addressed part (Baker 1995) or most (CH2M HILL 1998) of the 
Bausch Creek system. Each of these ERAS is briefly summarized in the following sections. 

3.2.1 1995 ERA 
Baker (1995) prepared a baseline ERA in support of the RI at the CAL (both Areas A and B). 
The Baker ERA evaluated terrestrial habitats (soils) on and near the CAL and the portions of 
Bausch Creek (surface water and sediment) directly bordering CAL Area B and the northern 
portion of Area A. The evaluation in Bausch Creek was limited to five locations, two in the 
Area B pond, one in the eastern branch of the creek, and two on the western side of the 
Area A landfill. The evaluation included a comparison of chemical concentrations in surface 
water and sediment to literature-based screening values, and biological surveys. Benthic 
macroinvertebrate sampling was performed at each of the five locations. Observations of 
aquatic and terrestrial flora and fauna were performed adjacent to invertebrate sampling 
stations. 

In surface water, exceedances of screening values occurred for several metals (chromium, 
copper, iron, lead, mercury, and zinc), pesticides (dieldrin, endrin, and gamma-chlordane), 
and PCBs (Aroclor-1254). In sediment, exceedances of screening values occurred for nine 
metals (arsenic, cadmium, chromium, copper, lead, mercury, nickel, silver, and zinc), six 
pesticides (4,4’-DDD, 4$-DDE, 4,4’-DDT, dieldrin, endrin, and gamma-chlordane), two 
PCBs (Aroclor-1254 and Aroclor-1260), and fluoranthene. The ERA concluded that benthic 
macroinvertebrate communities may have been potentially impacted by both contaminants 
and physical factors. 

3.2.2 1998 Screening ERA 
In 1997, additional surface water and sediment data were collected from the Bausch Creek 
system. These data were evaluated in a draft 1998 SERA report. The 1997 sampling and 1998 
draft SERA were designed to address comments received from the Region 3 Biological 
Technical Assistance Group (BTAG) on the 1995 ERA. The SERA focused on the conditions 
in Bausch Creek and associated drainages. 

The general objective of the SERA was to evaluate the potential risks to ecological receptors 
from exposure to chemicals present in Bausch Creek that could be attributed to the CAL. 
The SERA built upon the results of the 1995 ERA but focused on the surface water and 
sediments of Bausch Creek. TerrestriaI habitats and groundwater were not evaluated in the 
1998 SERA. 

The SERA described the site, the nature and extent of contamination, contaminant fate and 
transport mechanisms, mechanisms of toxicity, potential exposure pathways, exposure 
estimates (food web), and screening-level risk calculations. A discussion of the uncertainties 
associated with the SERA was also included in the draft SERA report as were site-specific 
conclusions based upon the results of the SERA. 

The assessment was based upon data from 30 surface water and 15 sediment samples 
collected in 1997 from 15 locations within the Bausch Creek system. Data from these 
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samples were compared to BTAG Region 3 screening values to identify Chemicals of 
Potential Concern (COPCs). 

For sediment, 24 chemicals were identified as COPCs (28 additional chemicals did not have 
available screening values). There was at least one exceedance of a screening value at all 15 
sampling locations. For surface water, eight chemicals (all metals) exceeded screening 
values and were retained as COPCs; 10 additional chemicals did not have available 
screening values. Food web modeling using nine receptor species was also conducted based 
upon the surface water and sediment data. Hazard quotients based upon maximum media 
concentrations exceeded one for at least one receptor and 18 inorganics, three pesticides, 
and nine semivolatile organic compounds (SVOCs). 

The SERA recommended that additional sediment samples from Bausch Creek be collected 
and that the ERA process proceed to the first step (Step 3) of the baseline ERA. Additional 
sediment data were collected from Bausch Creek in November 1999. 

Both the 1997 and 1999 data are used in this ERA, which reiterates ERA Steps I and 2 (to 
reflect the 1999 data) and completes Step 3, to evaluate potential risks in Bausch Creek 
associated with the CAL. 

3.3 Screening Problem Formulation 
Problem formulation establishes the goals, scope, and focus of the ERA. As part of problem 
formulation, the environmental setting of the Bausch Creek system is characterized in terms 
of the habitats and biota known or likely to be present. The types and concentrations of 
chemicals that are present in ecologically relevant media (surface water and sediment) are 
also described. A preliminary conceptual model is developed that describes potential 
sources, potential transport pathways, potential exposure pathways and routes, and 
potential receptors. Assessment endpoints, measurement endpoints, and risk hypotheses are 
then selected to evaluate those receptors for which complete and potentially significant 
exposure pathways are likely to exist. The fate, transport, and toxicological properties of the 
chemicals present in the Bausch Creek system, particularly the potential to bioaccumulate, 
are also considered during this process. 

3.3.1 Environmental Setting 
This section describes the environmental setting of the CAL and the Bausch Creek system. 
The environmental setting for the entire facility was provided in Section 2.2. 

3.3.1 .-l Habitats 

Bausch Creek is located entirely on NSN. The creek channel has been significantly altered 
from historic conditions and most of the bordering vegetated wetlands have been filled as 
part of facility development. Currently, portions of the creek are lined or walled with 
concrete. The creek has been channehzed over most of its length and it flows through 
underground culverts over part of its length. The headwaters of the creek consist of two 
branches, the eastern branch, which flows west past the northern edge of the CAL, and the 
western branch, which flows west and then north along the southern and western edges of 
the CAL (Figure l-l). Several small tributaries enter the western branch from the west. The 
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two branches merge near the northwestern edge of the CAL. The creek then flows north and 
then west for about 2,000 ft before entering an underground culvert that traverses the 
overrun portion of the air field runway. Three principal tributaries enter the creek from the 
west and one enters (through an underground pipe) from the east within this stretch 
(Figure l-l). Just downstream of where Bausch Creek emerges from the concrete culvert, a 
tributary that drains the area around the CD Landfill enters the creek from the west 
(Figure l-l). The creek then flows north, then west, and then south before entering a 3,900-ft 
underground culvert. Just before turning south, a tributary that drains parking lots and 
commercial development enters the creek from the north. The downstream end of the 
3,900-ft culvert is the creek’s outfall to Willoughby Bay. 

Twenty-nine outfalls discharge directly to Bausch Creek between its headwaters near the 
CAL and its contluence with Willoughby Bay. Most of these outfalls carry storm water 
runoff not associated with a regulated industrial activity. Some of these outfalls carry storm 
water runoff from airfield and vehicle maintenance activities. only one of the 29 Bausch 
Creek outfalls (Outfall 408; Figure l-l) is associated with industrial drainage. Outfall 408 is 
permitted under the VPDES program but monitoring is not required. This outfall is 
associated with storm water runoff and industrial drainage from the LP area of the facility. 
Principal activities associated with the LP area included aircraft maintenance hangers 
(Buildings LP-20 and LP-22), which are now vehicle maintenance facilities, and fuel storage 
facilities. Contaminated groundwater in this area is being addressed under several 
Corrective Action Plans (CAPS), which include free product recovery and monitoring. 

Available data (Table 3-1) suggest that most of the complex of remnant tributaries that 
comprises the Bausch Creek system is infiuenced by the daily tides. Exceptions include most 
of the eastern branch of the creek, the extreme upper portions (east of Ingersoll Street) of the 
western creek branch, and the upper portions of the four tributaries (including the ditches 
near the CD Landfill) that enter the main creek channel from the west. Salinity is highest in 
the lower portions of the creek complex (15 to 18 parts per thousand) with the headwater 
areas (not influenced by daily tidal flow) generally consisting of fresh water. The salinity in 
the system also fluctuates regularly based upon the point in the tidal cycle and the amount 
of freshwater input from precipitation events due to runoff. 

Substrate type is somewhat variable within the creek system (Table 3-2) but most sediments 
are composed of silt-clay, are soft and dark, are rich in organic matter (especially in the 
wetland areas), and give off a sulfide odor when disturbed. A few areas near roads are 
composed of mostly sand and are low in organic matter. Sediments in some areas of the 
creek had strong petroleum odors and released a visrble sheen when disturbed. This 
typically occurred only in samples taken near the runway and near major roads. 

Periodically mowed grasses and other herbaceous plants cover most of the undeveloped 
area on and immediately surrounding the CAL (Area A; Table 3-3). The surrounding 
upland areas support a variety of trees, shrubs, and a number of woody vines. Mixed 
coniferous/deciduous woods are located on the western side of Bausch Creek and the 
adjacent wetlands. A wooded area, an open area, and a small pond border Area B. The 
wooded area consists of a variety of trees with the ground layer dominated by several 
species of woody vine. The pond contains several aquatic plant species and is bordered by a 
mixture of shrubs and small trees. The U.S. Army Carp of Engineers has indicated that the 
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pond is not classified as a jurisdictional wetland. The pond is very small and has minimal 
functions and values. Grasses dominate the open areas of Area B. 

In the drainage ditch to the west of Area A and the surrounding wetlands, cordgrass and 
common reed are the dominant plant species. At elevations above the wetland (e.g., along 
the banks of the railroad right-of way), trees and shrubs are well mixed. Woody vines are 
common including Japanese honeysuckle, Virginia creeper, poison ivy, trumpet creeper, 
and common greenbrier. The edge of the mowed field atop the landfill includes common 
reed, along with grasses and other herbaceous plants. On the western side of Bausch Creek 
and the adjacent wetlands, a clear transition from open ground through woody edge to 
mixed coniferous/deciduous woods was observed. Residential development is the 
dominant land use south and west of the creek channel/wetlands near Area A. 

In the vicinity of Area B, a wooded border occurs along most of the eastern creek branch 
and is dominated by a variety of tree species. Woody vines dominate the ground layer of 
this wooded border. Sweetgum, red mulberry, shining sumac, smooth sumac, and 
blackberry were found within the shrubby border of the pond. Black locust, black willow, 
and blackberry were found around the open border of the pond, but this area is dominated 
by grasses (Table 3-3). Aquatic vegetation in the pond includes pondweed, spike rush, 
duckweed, and water pennywort. The CASY currently consists of an open area covered 
with planted grasses. 

North of the railroad tracks and west of the main creek channel is a fairly extensive area of 
forested and scrub-shrub wetland. This area is traverad by several small channels that 
connect to the creek. East of the creek in this area, habitats are mostly upland forest. Areas 
north of the runway along the creek consist of a combination of open fields and early 
successional forested/shrubby areas. Further north are developed areas, mostly commercial 
buildings and parking lots. Along tin I-564 corridor, the vegetation along the creek consists 
mostly of regularly mowed grass. 

3.3.1.2 Biota 

Data on the wildlife use of the area are mostly limited to surveys conducted during the 1994 
RI for the CAL. Most of the species observed during these surveys are cornmon to suburban 
settings. Table 3-4 lists the wildlife species observed during these surveyst and during 1999 
sampling, near the CAL. 

Small fish have been observed in the middle and lower reaches of Bausch Creek, but have 
not been sampled. The fish community in Bausch Creek is likely composed of species that 
feed on macroinvertebrates, detritus, and/or plankton. Resident species that might be 
expected in Bausch Creek include m ummichogs and larger species such as bream and 
catfish. The presence of the 3,900-ft underground culvert connecting Bausch Creek to 
Willoughby Bay has likely discouraged the routine passage of the larger estuarine fish 
species like flounder and weakfish, as well as other marine biota such as blue crabs, into the 
upper reaches of Bausch Creek. In addition, most of the upper reaches of the creek lack 
water during low tide, limiting their use by fish. 

Benthic macroinvertebrates were sampled in tidally and non-tidally influenced areas 
adjacent to the CAL during the 1995 ERA. Two stations (BCOl and BC02) were located 
within the Area B pond, with a third station (BC03) located in the eastern branch of the 
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creek downstream of the pond. At all three of these locations, the water had a negligible 
velocity, and the substrate was primarily sand covered with some silt and organic debris. 
Two stations (BC04 and BC-5) were located within the tidally influenced portion of the creek 
west of Area A. The creek channel at one of the tidally influenced stations (BC04, located in 
the channel between Area A and the emergent wetland area west of Area A) was about four 
times wider than the station (BC05) that was located further upstream. Between each of 
these sampling locations, there were slight differences in the habitat, including sediment 
grain size, water depth, and water temperature. 

The taxa observed at each of these stations are listed in Table 3-5 for each of three sample 
replicates collected at each station. At each of the stations, the benthic macroinvertebrate 
community was dominated by freshwater oligochaetes (Tubificidae) and insects in the 
family Chironomidae. Both of these taxa are generally considered tolerant of pollution. The 
presence of large numbers of tubicid worms is also an indicator of organically enriched 
bottom sediments. Gastropods were reasonably common at the two pond stations. Other 
types of organisms, such as the nereid and spionid poIychaete worms (which are typical 
estuarine species), were only observed at Stations BC04 and BC05, which is expected based 
upon the observed salinity at the five stations. 

3.3.1.3 Site Hydrology 

Shallow groundwater is typically encountered at depths of approximately 4 to 6 feet below 
ground surface in the area of the CAL. However, the groundwater extraction and treatment 
system currently operating at the CAL prevents this shallow groundwater from discharging 
directly to the creek. 

A hydrological assessment for Bausch Creek was performed during the 1998 SERA to assess 
flushing rates, the influence of other discharges to Bausch Creek downstream of the CAL, 
and potential transport. Four flow meter stations were established: 

l Station 1-Bausch Creek outfall to Willoughby Bay 
l Station 2-Just downstream of the confluence of the two branches of Bausch Creek 
l Station 3-Just upstream of the confluence on the western branch of Bausch Creek 
l Station 4-Near the headwaters of the western branch of Bausch Creek 

The results of this assessment indicated that all sampled stations were tidally influenced 
during all or part of the tidal cycle. The two upper stations (Stations 3 and 4) were either dry 
or at very low (2 to 4 in.) base levels during low tide. An estimate of the flushing time was 
developed using data coIlected from the two lower stations and the tidal prism method. 
Flushing time represents the amount of time needed to replace all of the water within 
Bausch Creek by the same volume of new water. The results showed that the segment of 
Bausch Creek from the confluence of the two branches to the bay outfall is flushed out 
within 1.4 tidal cycles, or about 18 hours in dry weather. Flushing time is expected to vary 
depending upon the ratio of groundwater and storm water volume and the tidal prism 
volume within the creek. 

Data from a 1995 dye tracer study was also considered in the SERA evaIuation to directly 
measure the amount of dilution that occurs in Bausch Creek and Willoughby Bay. Dilution 
was defined as the ratio of total flow to the portion of the total flow contributed by Bausch --\ 
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Creek. Dilution of the Bausch Creek flow to Willoughby Bay was 1.75 at the outfall, 2.0 at 
25 feet from the outfall, and 3.0 at 50 feet from the Bausch Creek outfall. 

3.3.2 Summary of Available Analytical Data 
A number of sampling events have been conducted in the Bausch Creek system, which 
mostly center on the CAL and the CASY. The first known event for which analytical data 
are available is the Confirmation Study (Malcom Pirnie, April 1987), during which four 
surface water samples were collected in Bausch Creek during each of four sampling events 
(December 1983, August 1984, April 1986, and June 1986). Since this study was very limited 
spatially and was confined to surface water, these data were not considered in this ERA. 

An Interim Remedial Investigation (IRI) of the CAL was conducted in 1991. During these IRI 
studies, sediment and surface water samples were collected at each of 12 locations in Bausch 
Creek (Table 3-6). The data from this event have not been validated. Three rounds of data 
(April, June, and December) were collected during 1992 as part of the RI for the CAL. 
Sixteen surface water and 34 sediment samples (27 shallow [0 to 6 in.] and 7 deep [6 to 
12 in.]) were collected during Rounds 1 and 2, and five sediment samplesjall shallow) were 
collected during Round 3. In August and September ‘1993, eight surface water, 13 surface 
(0 to 3 in.) sediment, and eight subsurface (24 to 30 in.) sediment samples were collected 
along tributaries of Bausch Creek adjacent to the CD Landfill as part of the RI for that site. 

Data were collected in February and March 1997 to support a SERA for Bausch Creek, as 
related to the CAL. Data included 30 surface water samples (collected during low and high 
tides at each of 15 locations} and 15 shallow (0 to 4 inch) sediment samples. Similarly, data 
were collected in November 1999 to support this BERA for Bausch Creek. Data from this 
event were limited to sediments and included 25 shallow (0 to 6 in.) and 4 deep (6 to 18 in.) 
samples (Table 3-6). 

Several limited sampling events in Bausch Creek have also been conducted at the CASY, 
where a tributary to Bausch Creek traverses the yard. A portion of this tributary flows 
through an underground culvert under the yard. Two surface water and two shallow (0 to 
4 in.) sediment samples were collected in August 1996 from two catch basins located within 
the underground portion of the tributary. Four additional sediment samples were collected 
in June 1999 at four catch basins within this section of the tributary; these 1999 data have not 
been validated. Finally, three shallow (0 to 4 in.) sediment samples were collected in and 
around the salvage yard pond in December 1998. 

Table 3-6 summarizes (in terms of source and number of samples) the data that were used in 
the ERA by medium and chemical group. The data selected for quantitative use in the ERA 
were Iirnited to the 1997 and 1999 surface water and sediment samples collected in the creek 
outside of the CASY and upstream of the 3,900-ft culvert (see Section 3.3.3.1). These 
analytical data are summarized in Tables 3-7 (surface water), 3-8 (surface sediment), and 39 
(subsurface sediment}. Sampling locations are shown on Figures 3-2 and 33. All of the 
remaining sediment samples listed in Table 3-6 were included in a qualitative evaluation of 
spatial and temporal trends (see Section 4.3..3). Surface water was not included in the spatial 
and temporal trends evaluation due to limited sample sizes in the Iower reaches of the creek 
system. The raw analytical data for all samples used quantitatively in the ERA are provided 
in Appendix A. 
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The number and spatial distribution of surface water and sediment samples were sufficient 
to adequately estimate potential ecological risks. Twenty-four surface water and 37 surface 
sediment samples were collected from Bausch Creek during the 1997 and 1999 sampling 
events. The 1999 sampling event, which was specifically designed to fill spatial data gaps 
from the 1997 event, was scoped jointly by the Navy, other Tier I Partnering Team members, 
and the Region 3 BTAG. 

r”-\ 

3.3.3 Preliminary Conceptual Model 
Information on the habitat features of Bausch Creek and on the fate and transport of the 
chemicals detected in creek surface water and sediment were used to build the preliminary 
conceptual model (Figure 3-4). Key components of the preliminary conceptual model 
include the identification of potential source areas, transport pathways, exposure media, 
exposure routes, and receptors. 

3.3.3.1 Potential Source Areas 

The principal facility-related potential source areas to Bausch Creek upgradient of the 3,900- 
ft underground culvert are the CAL (the focus of this ERA), the CASY, and the CD Landfill. 
As discussed in Section 3.3.1.1, Bausch Creek also receives inflows from a number of storm 
water outfalls that drain portions of the facility, such as the airfield, as well as off-base 
locations (Figure 3-4). 

As discussed at the March 2002 Tier I partnering meeting, the scope of the ERA was limited, 
spatially, as follows: 

l The d0wnstrea.G spatial extent of the Bausch Creek ERA, in terms of quantitative risk 
evaluation, was the upgradient end of the 3,900-ft culvert connecting Bausch Creek to 
Willoughby Bay. However, the ERA also qualitatively evaluated potentia1 transport of 
CAL-related constituents to Willoughby Bay. 

0 The CASY remediation will address any potential ecological risks in the portion of 
Bausch Creek east of Ingersoll Street. Thus, the portion of Bausch Creek located east of 
Ingersoll Street is not quantitatively addressed in the ERA. 

l The CD Landfill remediation will address any potentia1 ecological risks in the tributary 
channel leading from the CD Landfill to Bausch Creek. Thus, the ERA only evaluates, 
quantitatively, the portion of this channel immediately adjacent to the main Bausch 
Creek channel. 

3.3.3.2 Transport Pathways and Exposure Media 

A transport pathway describes the mechanisms whereby chemicals may be transported 
from a source of contamination to ecologically relevant media. These transport pathways 
are shown on Figure 34. Historically, site-related chemicals in CAL surface and subsurface 
soils may have leached to groundwater and then discharged to adjacent portions of Bausch 
Creek. Site-related chemicals may also have reached Bausch Creek, historically, via seeps. In 
the past, site-related chemicals in soils may have been transported via surface runoff to 
Bausch Creek. Based upon the current site configuration following the pIacement of the soil 
cover on the CAL, and the groundwater extraction and treatment system, current transport 
via groundwater, seeps, and surface runoff from the site to Bausch Creek is minimal. Site- 
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related chemicals in the sediment and surface water of the creek may be taken up and 
accumulated in the tissues of biota, and thus be transported to upper trophic level receptors 
via food webs. 

3.3.3.3 Exposure Pathways and Routes 

An exposure pathway links a source of contamination with one or more receptors through 
exposure via one or more media and exposure routes. Exposure, and thus potential risk, can 
only occur if complete exposure pathways exist. Figure 3-4 shows the potentially complete 
exposure pathways to ecological receptors. 

Potentially complete exposure pathways to aquatic (e.g., benthic invertebrates and fish) and 
semi-aquatic (e.g., herons) receptors utilizing Bausch Creek exist (exposure to surface water 
and sediment). Although surface runoff, seep, and groundwater transport pathways to this 
water body are not significant at the present time, historical transport from the CAL (and 
other potential source areas) may have occurred to this water body via one or more of these 
pathways. 

An exposure route describes the specific mechanism(s) by which a receptor is exposed to a 
chemical present in an environmental medium. Unrooted, floating aquatic plants, and 
rooted submerged vascular aquatic plants and algae, may be exposed to chemicals directly 
from the water or (for rooted plants) from sediments. 

Animals may be exposed to chemicals through: (1) direct inhalation of gaseous chemicals or 
of chemicals adhered to airborne particulate matter; (2) incidental ingestion of contaminated 
abiotic media (i.e., sediment) during feeding or preening activities; (3) the direct ingestion of 
contaminated water; (4) the ingestion of contaminated plant and/or animal tissues for , 
chemicals that have entered food webs; and/or (5) dermal contact with contaminated 
abiotic media. These routes, where applicable, are depicted on Figure 3-4. 

Based upon the general fate properties (relatively high adsorption to solids) of the chemicals 
present in Bausch Creek (metals, pesticides/PCBs, and PAHs) and the protection offered by 
hair or feathers, potential dermal exposures for upper trophic level receptors are not 
considered significant relative to ingestion exposures and are not evaluated in this ERA. 
Upper trophic level receptors considered in this ERA would not likely be exposed, via 
inhalation, to significant airborne sources of chemicals because the primary chemicals 
present in the creek (metals, pesticides/l?CBs, and PAHs) typically adsorb to sediments, 
suggesting that the potential for volatilization and thus exposure via inhalation is limited. 
Incidental ingestion of sediment during feeding, preening, or grooming activities is, 
however, considered in the risk estimates. Direct contact is considered for lower trophic 
level receptors (e.g., benthic invertebrates). 

Direct ingestion of drinking water is only considered when the salinity is below 15 parts per 
thousand, the approximate toxic threshold for wildlife receptors (Humphreys, 1988). Based 
upon available data (Table 3-l), the salinity in the upper reaches of Bausch Creek is below 
this threshold while the salinity in the lower reaches (nearest the culvert) tends to be above 
this threshold. Thus, exposure via direct ingestion of drinking water is included in this ERA 
for the upper reaches of the Bausch Creek system but not for the lower reaches. 
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3.3.3.4 Receptors 

Because of the complexity of natural systems, it is generally not possible to directly assess 
the potential impacts to all ecological receptors present at a site. Therefore, specific receptor 
species or species groups (e.g., great blue heron) are often selected as surrogates to evaluate 
potential risks to larger portions of the ecological community (guilds; e.g., piscivorous birds) 
used to represent the assessment endpoints (e.g., survival and reproduction of piscivorous 
birds). Selection criteria typically include those species that: 

l Are known to occur, or are likely to occur, at the site. 

l Have a particular ecological, economic, or aesthetic value. 

l Are representative of taxonomic groups, life history traits, and/or trophic levels in the 
habitats present at the site for which complete exposure pathways are likely to exist. 

l Can, because of toxicological sensitivity or potential exposure magnitude, be expected to 
represent potentially sensitive populations at the site. 

The following upper trophic level receptor species have been chosen for exposure modeling 
based upon the criteria listed above: 

l Muskrat (On&&-a zibethicus)-wetland mammalian herbivore. 

l Raccoon (Procyon lotor)-wetland mammalian omnivore. 

l Mink (Mustela v&z)-wetland mammalian piscivore. Y-Y\ 

l Mallard (Anus p&yrhynchos)-wetland avian omnivore. 

l Great blue heron (Ardea hero&as)-wetland avian piscivore. 

l Belted kingfisher (CeryZe aZcyon)-wetland avian piscivore/invertivore. 

Upper trophic level receptor species quantitatively evaluated in the ERA were limited to 
birds and mammals, the taxonomic groups with the most available information regarding 
exposure and toxicological effects. Amphibians are typically selected as a receptor group 
only when freshwater aquatic or wetland habitats are present on, or in the contaminant 
transport pathways (as defined in the conceptual model) of, a site. Since portions of the 
Bausch Creek system contain freshwater habitats, amphibians were selected as receptors in 
the ERA. Because of the limited amount of toxicological data available for this taxonomic 
group, exposures via the food web for amphibians were evaluated using bird and mammal 
receptor species as surrogates. Exposures of imrnature forms (e.g., tadpoles) were evaluated 
as part of the aquatic biota evaluation using surface water and/or sediment screening 
values. Reptiles were evaluated using the same methods as described for amphibians. 

Lower trophic level receptors were evaluated in the ERA based upon those taxonomic 
groupings for which screening values have been developed; these groupings and screening 
values are used in most ecological risk assessments. As such, specific species of aquatic biota 
(e.g., fish and benthic invertebrates) were not chosen as receptors because of the limited 
information available for specific species and because aquatic biota are dealt with on a 
community level via a comparison of surface water and sediment concentrations with 
medium-specific screening values. 
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3.3.3.5 Endpoints and Risk Hypotheses 

The conclusion of the screening problem formulation includes the selection of ecological 
endpoints and risk hypotheses, which are based upon the preliminary conceptual model. 
Two types of endpoints, assessment endpoints and measurement endpoints, are defined as 
part of the ERA process (USEPA 1997a). An assessment endpoint is an explicit expression of 
the environmental component or value that is to be protected. A measurement endpoint is a 
measurable ecological characteristic that is related to the component or value chosen as the 
assessment endpoint. The considerations for selecting assessment and measurement 
endpoints are summarized in USEPA (1997a) and discussed in detail in Suter (1989,1990, 
1993). Risk hypotheses are testable hypotheses about the relationship among the assessment 
endpoints and their predicted responses when exposed to contaminants. 

Endpoints define ecological attributes that are to be protected (assessment endpoints) and 
measurable characteristics of those attributes (measurement endpoints) that can be used to 
gauge the degree of impact that has or may occur. Assessment endpoints most often relate 
to attributes of biological populations or communities, and are intended to focus the risk 
assessment on particular components of the ecosystem that could be adversely affected by 
chemicals attributable to the site (USEPA 1997a)* Assessment endpoints contain an entity 
(e.g., raccoon population) and an attribute of that entity (e.g., survival rate). Individual 
assessment endpoints usually encompass a group of species or populations (the receptor) 
with some common characteristic, such as specific exposure route or contaminant 
sensitivity, with the receptor then used to represent the assessment endpoint in the risk 
evaluation. 

Assessment and measurement endpoints may involve ecological components from any level 
‘of biological organization, from individual organisms to the ecosystem itself. Effects on 
individual organisms are important for some receptors, such as rare and endangered 
species; population- and community-level effects are typically more relevant to ecosystems. 
Population- and cornrnunity-level effects are usually difficult to evaluate directly without 
long-term and extensive study. However, measurement endpoint evaluations at the 
individual level, such as an evaluation of the effects of chemical exposure on reproduction, 
can be used to predict effects on an assessment endpoint at the population or community 
level. In addition, use of criteria values designed to protect the majority (e.g., 95 percent) of 
the components of a community (e.g., Ambient Water Quality Criteria for the Protection of 
Aquatic Life) can be useful in evaluating potential community- and/or population-level 
effects. 

Table 3-10 shows the preliminary assessment endpoints, risk hypotheses, and measurement 
endpoints used in the screening portion (Steps 1 and 2) of the ERA. Table 3-10 also shows 
the receptors associated with each endpoint. 

3.4 Screening Exposure Estimation 
Maximum concentrations in surface water and sediment were used in the screening portion 
of the ERA to conservatively estimate potential chemical exposures for the ecological 
receptors selected to represent the assessment endpoints. Food web exposures for upper 
trophic level receptor species were determined by estimating the chemical-specific 
concentrations in each dietary component using uptake and food web models. Incidental 
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ingestion of sediment and ingestion of drinking water (based upon total [unfiltered] data) 
were also included when calculating the total level of exposure. Maximum sediment and 
surface water concentrations were used in all screening food web calculations to provide a 
conservative assessment. 

For conservatism, the maximutn reporting limit for chemicals analyzed for but not detected 
was also compared to medium-specific screening values and (where applicable) used for 
food web exposure modeling. This was done to determine if detection limits were less than 
or equal to chemical concentrations at which potential adverse effects to ecological receptors 
could occur. 

3.4.1 Selection Criteria for Analytical Data 
Available analytical data (described in Section 3.3.2 and summarized in Table 3-6) were 
selected for use in the ERA based upon the following: 

l Data must have been validated by a qualified data validator using acceptable data 
validation methods. Rejected (R) values were not used in the ERA. Unqualified data and 
data qualified as J, L, or K were treated as detected. Data qualified as U or B were 
treated as non-detected. 

* For samples with duplicate analyses, the higher of the two concentrations was used 
when both values were detects or when both values were non-detects. In cases where 
one result was a detection and the other a non-detect, the detected value was used in the 
assessment. 

.-\ 
l For sediment, samples from depths between 0 and 6 in. were used m the quantitative 

risk estimates since this depth range represents the most realistic exposures for most 
sediment-dwelling species. Deeper sediments were considered only in terms of fate and 
transport issues. 

3.4.2 Exposure Estimation 
Upper trophic level receptor exposures (via the food web) to chemicals present in surface 
water and surface sediment were determined by estimating the concentration of each 
bioaccumulating chemical in each relevant dietary component. Incidental ingestion of 
sediment, and the ingestion of drinking water (based upon total runfiltered] data), were 
included when calculating the total level of exposure. 

Chemicals with the potential to bioaccumulate were evaluated for exposures via food webs. 
This List of bioaccumulating chemicals is provided in Table 3-11 for relevant constituents 
and is based upon the list provided in Table 4-2 of USEPA (2000). 

Dietary items for which tissue concentrations were modeled included wetland plants, 
benthic invertebrates, and fish. For the screening portion of the ERA, the uptake of 
chemicals from the abiotic media into these food items was based upon conservative (e.g.l 
maximum or 90th percentile) bioconcentration factors (BCFs) or bioaccumulation factors 
(BAFs) from the literature. Default factors of one were used only when data were 
unavailable for a chemical in the literature. 
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3.4.2.1 Screening Exposure Point Concentrations 

Maximum media concentrations were used as exposure point concentrations for exposure 
estimation and food web modeling in the screening portion of the ERA. Exposure point 
concentrations (concentrations in plant, fish, and benthic invertebrate prey iterns) for upper 
trophic level receptors were estimated using bioaccumulation models and maximum 
measured sediment concentrations. The methodology and models used to derive these 
estimates are described below. 

Wetland Plants. Tissue concentrations in the aboveground vegetative portion of wetland 
plants were estimated by multiplying the maximum sediment concentration for each 
chemical by chemical-specific soil-to-plant BCFs (extrapolated to sediments) obtained from 
the literature. The BCF values used were based upon root uptake from sediment and on the 
ratio between dry-weight sediment and dry-weight plant tissue. Literature values based 
upon the ratio between dry-weight sediment and wet-weight plant tissue were converted to 
a dry-weight basis by dividing the wet-weight BCF by the estimated solids content for 
plants (15 percent [0.15]; Sample et al. 1997). 

For inorganic chemicals without literature-based BCFs, a sediment-to-plant BCF of one was 
assumed. For organic chemicals without literature-based BCFs, sediment-to-plant BCFs 
were estimated using the algorithm provided in Travis and Arms (1988): 

log B, = 1.588 - (0.578) (log KmJ 

where: B, = Sediment-to-plant BCF (unitless; dry-weight basis) 
K = ow Octanol-water partitioning coefficient (unitless) 

The log KoW values used in the calculations were obtained mostly from USEPA (1995b, 
1996a) and are listed in Table 3-11. The sediment-to-plant BCFs used in the screening 
portion of the ERA are shown in Table 3-12. 

Benthic Invertebrates. Tissue concentrations in benthic invertebrates were estimated by 
multiplying the maximum sediment concentration for each chemical by chemical-specific 
sediment-to-invertebrate BAFs obtained from the literature. The BAF values used were 
based upon the ratio between dry-weight sediment and dry-weight invertebrate tissue. 
BAFs based upon depurated analyses (sediment was purged from the gut of the organism 
prior to analysis) were given preference over undepurated analyses when selecting BAF 
values since direct ingestion of sediment is accounted for separately in the food web model. 

Literature values based upon the ratio between dry-weight sediment and wet-weight 
invertebrate tissue were converted to a dry-weight basis by dividing the wet-weight BAF by 
the estimated solids content for benthic invertebrates (21 percent E0.213; USEPA 1993). For 
chemicals without literature-based sediment-to-invertebrate BAFs, a BAF of 1.0 was 
assumed. The sediment-to-invertebrate BAFs used in the screening portion of the EEA are 
shown in Table 3-12. 

Fish. Tissue concentrations in whole-body fish were estimated by multiplying the 
maximum sediment concentration for each chemical by chemical-specific sediment-to-fish 
BAFs obtained from the literature. The BAF values used were based upon the ratio between 
dry-weight sediment and dry-weight fish tissue. Literature values based upon the ratio 
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between dry-weight sediment and wet-weight fish tissue were converted to a dry-weight 
basis by dividing the wet-weight BAF by the estimated solids content for fish (25 percent 
[0.25]; USEPA 1993). For chemicals without literature-based sediment-to-fish BAFs, a BAF of 
1.0 was assumed. The sediment-to-fish BAFs used in the screening portion of the ERA are 
shown in Table 3-12. 

I”-- 

3.4.2.2 Dietary Intakes 

Dietary intakes for each upper trophic level receptor were calculated using the following 
formula (modified from USEPA [1993]): 

where: DI, 
FIR 
FCti 
PDFi 
SC, 
PDS 
WIR 
WC* 
BW 

Dietary intake for chemical x (mg chemical/kg body weight/day) 
Food ingestion rate (kg/day, dry-weight) 
Concentration of chemical x in food item i (mg/kg, dry-weight) 
Proportion of diet composed of food item i (dry-weight basis) 
Concentration of chemical x in soil/sediment (m&kg, dry-weight) 
Proportion of diet composed of soil/sediment (dry-weight basis) 
Water ingestion rate (L/day) 
Concentration of chemical x in water (mg/L) 
Body weight (kg, wet-weight) /-; . 

Receptor-specific values used as inputs to this equation for the screening portion of the ERA 
are provided in Table 3-13. Consistent with the conservative approach used for a SERA, the 
minimum body weight and the maximum food and water ingestion rates from the scientific 
literature were used for each receptor. It was assumed that chemicals were 100 percent 
bioavailable to the receptor and it was also assumed that each receptor spent 100 percent of 
its time on the site (i.e., an area use factor [AUF] of 1.0 was assumed}. 

3.5 Screening Effects Evaluation 
The purpose of the screening effects evaluation is to establish chemical exposure levels 
(screening values) that represent conservative thresholds for adverse ecological effects. One 
set of screening values is typically developed for each selected assessment endpoint. 

3.5.1 Medium-Specific Screening Values 
Medium-specific screening values were established for each ecologically relevant media. 
Based upon the preliminary conceptual model (Figure 3-4), direct exposure to surface water 
and sediment are potentially complete pathways. 

The screening values used in the ERA were based upon Region 3 BTAG screening values 
(USEPA 1995a) and additional screening values availabIe from the literature. When more 
than one screening value was available for a specific medium (e.g., fauna and flora) and 
chemical, the lowest of these values was seIected. Since the salinity in the Bausch Creek 

-LI 
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system is variable, depending upon area and the point in the tidal cycle, the lower of the 
freshwater and marine surface water screening values was used per USEPA (1996b). For 
hardness-adjusted metals, fresh surface water screening values (when used) were adjusted 
based upon a hardness of 400 mg/L, the maximum permissible value (USEPA 1996b). The 
maximum value was used because estimated (from calcium and magnesium surface water 
concentrations) hardness values exceeded 400 mg/L. The screening values used in the ERA 
are summarized, by medium, in Table 3-14. 

3.52 Ingestion Screening Values 
Ingestion screening values for dietary exposures were derived for each mammalian and 
avian receptor and chemical evaluated in the ERA. Toxicological information from the 
literature for wildlife species most closely related to the receptor species was used, when 
available, but was supplemented by laboratory studies of non-wildlife species (e.g., chickens 
and laboratory mice) when necessary. The ingestion screening values are expressed as 
milligrams of the chemical per kilogram body weight of the receptor per day (mg/kg- 
BW/day). 

Growth and reproduction were emphasized as assessment endpoints since they are the most 
relevant, ecologically, to maintaining viable populations and because they are generally the 
most studied chronic toxicological endpoints for ecological receptors. If several chronic 
toxicity studies were available from the literature, the most appropriate study was selected 
for each receptor species based upon study design, study methodology, study duration, 
study endpoint, and test species. No Observed Adverse Effect Levels (NOAELs) based upon 
growth and reproduction were utilized, when available, as the primary screening values. 
When chronic NOAEL values were unavailable, estimates were extrapolated from chronic 
Lowest Observed Adverse Effect Levels (LOAELs) using an uncertainty factor of 10. 
Ingestion screening values for mammals and birds are summarized in Tables 3-15 and 3-16, 
respectively. 

3.6 Screening Risk Calculation 
The screening risk calculation is the final step in a SERA. In this step, the maximum 
exposure concentrations (abiotic media) or exposure doses (upper trophic level receptor 
species) were compared with the corresponding screening values to derive screening risk 
estimates. The outcome of this step is a list of Chemicals of Potential Concern (COPCs) for 
each medium-pathway-receptor combination evaluated or a conclusion of acceptable risk. 

3.6.1 Selection of Chemicals of Potential Concern (COPCs) 
COPCs were selected using the hazard quotient (HQ) method. HQs were calculated by 
dividing the chemical concentration in the medium being evaluated by the corresponding 
medium-specific screening value or by dividing the exposure dose by the corresponding 
ingestion screening value. Chemicals with HQs greater than or equal to one were 
considered COPCs in the SERA. Detected chemicals for which toxicological data were not 
available were also retained as COPCs in the SERA. 

HQs exceeding one indicate the potential for risk since the chemical concentration or dose 
(exposure) exceeds the screening value (effect), However, screening values and exposure 
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estimates were derived using intentionally conservative assumptions such that HQs greater 
than or equal to one do not necessarily indicate that risks are present or impacts are 
occurring. Rather, it identifies chemical-pathway-receptor combinations requiring further 
evaluation. HQs that are less than one indicate that risks are very unlikely, enabling a 
conclusion of no unacceptable risk to be reached with high confidence. 

3.6.1.1 Surface Water 

Maximum surface water concentrations are compared to screening values in Table 3-17. 
Based upon this comparison, 11 inorganics (aluminum, arsenic, cadmium, chromium, 
copper, iron, lead, manganese, mercury, nickel, and zinc) had HQs equaling or exceeding 
one based upon detected total (unfiltered) concentrations and were identified as COPCs. 
HQs for three inorganics (cyanide, selenium, and silver), 14 pesticides, seven PCB Aroclors, 
and five SVOCs equaled or exceeded one based upon maximum reporting limits; these 
chemicals were also identified as COPCs. 

3.6.1.2 Surface Sediment 

Maximum surface sediment concentrations are compared to screening values in Table 3-18. 
Based upon this comparison, 15 inorganics (aluminum, arsenic, barium, cadmium, 
chromium, cobalt, copper, lead, manganese, mercury, nickel, selenium, silver, vanadium, 
and zinc) had HQs equaling or exceeding one based upon detected concentrations and were 
identified as COPCs. Two detected inorganics (beryllium and cyanide) were identified as 
COPCs because a screening value was not available. 

Nine pesticides (4,4’-DDD; 4$-DDE; 4,4’-DDT; dieldrin; heptachlor; heptachlor epoxide; 
alpha-chlordane; delta-BHC; and gamma-chlordane), one PCB (Aroclor-1260), and 15 
SVOCs (12 PAHs and three phthalates) exceeded screening values based upon detected 
concentrations and were identified as COPCs. Total PAHs also exceeded screening values 
(Table 3-18). HQs for six pesticides (endosulfan I, endosulfan 11, endosulfan sulfate, endrin, 
endrin aldehyde, and endrin ketone), six PCBs (Aroclors-1016,1221,1232,1242,1248, and 
1254), 10 SVOCs (1,2,4trichlorobenzene; 1,2-dichlorobenzene; 1,Bdichlorobenzene; 2,4- 
dimethylphenol; 2-methylphenol; dimethylphthaIate; hexachlorobenzene; hexachloro- 
butadiene; pentachlorophenol; and n-nitrosodiphenylamine), and VOCs (l,l,l-trichloro- 
ethane; 1,1,2-trichloroethane; and ethylbenzene) equaled or exceeded one based upon 
maximum reporting limits; these chemicals were also identified as COPCs. Eight detected 
organic chemicals (methoxychlor; toxaphene; 1,2-dichlorethene; 2-butanone; acetone; carbon 
disulfide; methylene chloride; and vinyl chloride) were identified as COPCs because a 
screening value was not available (Table 3-18). 

/---- 

3.6.t.3 Food Web Exposures 

Hazard quotients for each upper trophic level receptor, based upon maximum exposure 
doses, are provided in Table 3-19. Based upon a comparison to NOAELs, eight metals 
(arsenic, cadmium, chromium, copper, lead, mercury, selenium, and zinc), one pesticide 
(4$-DDE), seven PCBs (Aroclors-1016,1221,1232,1242,1248,1254, and 1260), and one 
SVOC (hexachlorobenzene) had HQs equaling or exceeding one for one or more receptors. 
The exceedances for Aroclor-1016, Aroclor-1221, Aroclor-1232, Aroclor-1242, Aroclor-1248, 
Aroclor-1254, and hexachlorobenzene were based upon maximum reporting limits. 
Ingestion screening values were not available for two SVOCs (Table 3-19). 

.-----l 
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3.7 Screening Risk Conclusions 
COPCs were identified in each of the media evaluated (Table 3-20). 
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SECTION 4 

Baseline Ecoldgical Risk Assessment 

The SERA resulted in a set of COPCs for each medium. This set of COPCs includes 
chemicals with HQs equaling or exceeding one (based upon maximum exposures) and 
detected chemicals for which toxicological data (screening values) were not available. 

4.1 Refinement of Conservative Screening Assumptions 
According to Superfund guidance (USEPA 1997a), Step 3 initiates the problem formulation 
phase of the BERA. Under Navy policy/guidance (CNO 1999; NAVFAC 2001), the BERA 
begins with a preliminary step (Step 3A) in which the conservative assumptions employed 
in the SERA are refined and risk estimates are recalculated using the same conceptual model 
for the site. In addition, the re-evaluation may include consideration of other factors such as 
background data, the frequency at which chemicals were detected, and chemical-specific 
bioavailability (CNO 1999; NAVFAC 2001). 

The assumptions, parameter values, and methods that were modified for the Step 3A re- 
evaluation included: 

l Risk estimates based upon maximum chemical concentrations were supplemented by 
risk estimates based upon average (arithmetic mean) chemical concentrations. In 
addition, BAFs and BCFs were based upon, or modeled from, central tendency estimates 
(e.g., median or mean) from the literature as opposed to the maximum or high-end (e.g., 
90th percentile) estimates used in the SERA for many chemicals. Revised BAF and BCF 
values used in Step 3A are provided in Table 41. 

In the BERA, using central tendency estimates (rather than high-end or maximums) for 
exposure parameters such as BAFs provides a more representative estimate of potential 
exposures and risks to receptor populations (the focus of the assessment endpoints) of 
upper trophic level receptors. Since these upper trophic level species are highly mobile, 
they would be expected to effectively average their exposure over time as they forage 
within the area defining their home range (which will extend to off-site areas). Average 
prey concentrations at Step 3A are most appropriately estimated using central tendency 
estimates of media concentrations and accumulation factors. For example, the wildlife 
dietary exposure models contained in the Wildlife Exposure Factors Handbook (USEPA 
1993) specify the calculation of an average daily dose. Increasing the representativeness 
of the exposure estimates relative to population-level effects is consistent with the intent 
of the Step 3A evaluation. In cases where adequate spatial sampling coverage exists, 
mean concentrations are also appropriate for evaluating potential risks to populations of 
lower trophic level receptors because the members of the population are expected to be 
found throughout a site (where suitable habitat is present), rather than concentrated in 
one particular area. While effects on individual organisms might be important for some 
receptors, such as rare and endangered species, population- and community-level effects 
are typically more relevant to ecosystems. A discussion of the uncertainties associated 
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with the number of available samples and their spatial distribution is contained in 
Section 5. 

.“--- 

. Central tendency estimates (e-g., mean, median, or midpoint) for body weight and 
ingestion rate (Table 4-2) were used to develop exposure estimates for upper trophic 
level receptors, rather than the minimum body weights and maximum ingestion rates 
used in the SERA. Central tendency estimates for these exposure parameters are more 
relevant for a BERA because they better represent the characteristics of a greater 
proportion of the individuals in the population. Populations (rather than individual 
organisms) were emphasized during the development of the assessment endpoints for 
the EEA. 

l The SERA conservatively identified a chemical as a food web COPC if the estimated 
dose for at least one upper trophic level receptor exceeded the NOAEL. The actual dose 
that is protective of an individual receptor, however, will fall between the NOAEL and 
the LOAEL. Both the NOAEL and LOAEL were used for comparison in the BERA. 
However, chemicals were not considered Chemicals of Concern (COG) following 
Step 3A unless the exposure dose exceeded the LOAEL because this dose is expected to 
be protective of the population, which is the assessment endpoint being evaluated. 

USEPA guidance (USEPA 1996b) indicates that the dissolved metal fraction should be 
preferentially used to the total metal fraction in surface water screening to evaluate 
direct exposures of aquatic biota. For conservatism, total metal concentrations were 
included in the SERA for the surface water screen. Since high levels of suspended solids 
and sediment-adsorbed metals could result in overstating bioavailable surface water 
concentrations (and thus potential exposures and risks), filtered metal concentrations 
(representing the dissolved fraction) in surface water were also evaluated through a 
comparison to screening values based upon the dissolved metal fraction. 

_- 

l The detection frequency for individual chemicals was considered in re-evaluating the 
COPCs from the SERA. Chemicals that were detected in less than 5 percent of the 
samples in a medium were not considered COCs in that medium if at least 20 samples 
were available (USEPA 1989). It is unlikely that infrequently detected chemicals 
represent a risk to receptors at the population level. The uncertainties associated with 
the use of frequency of detection are discussed in Section 5. 

Only complete and significant pathways identified in the SERA were re-evaluated in 
Step 3A of the ERA. Similarly, only,COPCs and receptors identified in the SERA as 
requiring further evaluation were addressed in Step 3A. Although many aspects of the 
estimation of exposure were modified in Step 3A (see above), the screening values (effects} 
used in Step 3A were the same as the values used in the SERA. Although the same basic 
conceptual model from the SERA was also used in Step 3A, the endpoints and risk 
hypotheses from the SERA were modified slightly to better reflect the Step 3A analysis 
(Table 4-3). 

4.2 Refined (Step 3A) Risk Characterization 
Based upon the results of the SEEA, the assessment endpoints, measurement endpoints, and 
risk hypotheses were modified for the Step 3A evaluation (Table 43). Modifications 
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included eliminating from further consideration those assessment endpoints for which no 
unacceptable risk was found during the SERA and modifying the measurement endpoints 
to reflect the assumptions and methods used in the Step 3A evaluation. The results of the 
refined risk characterization are discussed, by mediurn, in the following subsections. 

4.2.1 Data Groupings 
Because the SERA was conducted using maximum media concentrations, surface water and 
sediment data were not partitioned into spatial groupings in the SERA. However, the 
following spatial groupings were utilized for these media in Step 3A: 

0 Upper reaches--samples collected from the upper reaches of Bausch Creek, defined as 
the area from the headwaters of both branches (excluding samples east of Ingersoll 
Street on the eastern branch) to the first turn in the creek north of the CAL (sampling 
locations 97-01 through 97-09,97-12,97-13,99-01 through 99-08, and 99-19 through 
99-24; Figures 3-2 and 3-3). 

l Lower reaches---samples collected from the lower reaches of Bausch Creek, defined as 
the area from the first turn in the creek north of the CAL to the upgradient end of the 
3,900-ft underground culvert (sampling locations 97-15,99-09 through 99-18, and 99-25; 
Figures 3-2 and 3-3). 

These spatial groupings were used in Step 3A to better evaluate potential risks in different 
areas of the creek system where potential exposures could vary due to habitat conditions 
(e.g., presence of bordering vegetated wetlands, tidal Bow, salinity) and proximity to source 
areas of potential concern. These groupings also assisted in the evaluation of the spatial 
distribution of potential risks. 

4.2.2 Surface Water 
The Step 3A surface water evaluation was conducted using the data groupmgs discussed in 
Section 4.2.1. However, all but one of the available surface water samples were collected 
from the upper reaches of the creek. Thus, only an evaluation of the upper reaches was 
conducted for surface water. 

4.2.2.1 Upper Reaches 

The comparison of mean chemical concentrations in surface water from the upper reaches of 
Bausch Creek with screening values is presented in Table 4-4. Based upon this comparison, 
eight inorganics (aluminum, cadmium, copper, iron, lead, manganese, nickel, and zinc) had 
HQs equaling or exceeding one based upon detected total (unfiltered) concentrations. 
Aluminum, copper, iron, manganese, and mercury exceeded screening values based upon 
dissolved (filtered) concentrations. No organic chemical exceeded screening values based 
upon a detected concentration (Table 4-4). 

A number of chemicals were retained as COPCs in the SERA because maxirnum reporting 
limits exceeded screening values. Mean HQs (calculated based upon the mean of one-half of 
the sample reporting limits) for these chemicals were generally five or less. The main 
exceptions were toxaphene, 4,4’-DDT, and the PCB Aroclors. Based upon their chemical 
properties, all of these chemicals are likely to be retained in sediments and not be present in 
appreciable quantities in the water column. Maximum reporting limits for these chemicals 
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in sediments were generally less than their sediment screening values (see Section 4.23), 
allowing them to be evaluated with minimal uncertainty in this medium. Thus, none of 
these undetected chemicals are identified as Preliminary Chemicals of Concern (PCOCs) in 
surface water. This is discussed further in Section 5 (uncertainties). 

4.2.3 Surface Sediment 
The Step 3A sediment evaluation was conducted using the data groupings discussed in 
Section 4.2.1 and is contained in the following subsections. 

4.2.3.f Upper Reaches 

The comparison of mean chemical concentrations in the surface sediment from the upper 
reaches of Bausch Creek with sediment screening values is presented in Table 45 (the 
maximum concentration was used if the mean exceeded the maximum). Based upon this 
comparison, 11 inorganics (arsenic, barium, cadmium, chromium, copper, lead, mercury, 
nickel, selenium, silver, and zinc), four pesticides (4,4’-DDD, 4$-DDE, 4,4’-DDT, and 
dieldrin), one PCB (Aroclor-12601, and nine SVOCs (seven PAHs and two phthalates) had 
HQs equaling or exceeding one based upon detected concentrations. However, the 
magnitude of these exceedances was low (HQs less than 1.5) for barium, mercury, nickel, 
selenium, and several of the PAHs, and the frequency of detection was 5 percent or less for 
dieldrin, acenaphthylene, and butylbenzylphthalate. These 25 chemicals were identified as 
PCOCs. The HQ for total PAHs (1.29) marginally exceeded one based upon mean 
concentrations. Total PAHs was also identified as a PCOC. 

A number of chemicals were retained as COPCs in the SERA because maximum reporting 
limits exceeded screening values. Mean HQs (calculated based upon the mean of one-half of 
the sample reporting limits) for these chemicals were less than four except for a nurnber of 
SVOCs. For these SVOCs, the means were influenced by elevated reporting limits in a 
number of the 1999 samples. None of these undetected chemicals were identified as PCOCs 
in sediment. This is discussed further in Section 5 (uncertainties). 

f---x. 

Beryllmn-t, cyanide, methoxychlor, toxaphene, and six VOCs were detected in at least one 
sample but lacked screening values. Beryllium and the six VOCs were identified as PCOCs 
(Table 4-5). Cyanide, methoxyclor, toxaphene were not identified as PCOCs based upon a 
low frequency of detection (less than 5 percent). 

4.2.3.2 tower Reaches 

The comparison of mean chemical concentrations in the surface sediment from the lower 
reaches of Bausch Creek with sediment screening values is presented in Table 4-6 (the 
maximum concentration was used if the mean exceeded the maximum). Based upon this 
comparison, three inorganics (arsenic, cadmium, and selenium), five pesticides (4,4’-DDD, 
4,4’-DDE, 4,4’-DDT, alpha-chlordane, and gamma-chlordane), and three SVOCs (two PAHs 
and one phthalate) had HQs equaling or exceeding one based upon detected concentrations. 
The magnitude of these exceedances was low (HQs less than 1.5) for arsenic, 4,4’-DDD, and 
the three SVOCs. These 11 chemicals were identified as PCOCs. The HQ for total PAHs 
(1.13) marginally exceeded one based upon mean concentrations, due largely to elevated 
reporting limits in several 1999 samples. Total l?AHs was also retained as a PCOC. ,, --\ 
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A number of chemicals were retained as COPCs in the SERA because maximum reporting 
limits exceeded screening values. Mean HQs (calculated based upon the mean of one-half of 
the sample reporting limits) for these chemicals were four or less except for a number of 
SVOCs. For these SVOCs, the means were influenced by elevated reporting limits in a 
number of the 1999 samples. None of these undetected chemicals were identified as PCOCs 
in sediment. This is discussed further in Section 5 (uncertainties). Beryllium and methylene 
chloride were detected in at least one sample but lacked screening values; both of these 
chemicals were identified as PCOCs (Table 46). 

4.2.4 Food Web Exposures 
Hazard quotients based upon mean exposure doses for each upper trophic level receptor 
species (all areas) are provided in Table 4-7. Based upon a comparison to NOAELs, HQs for 
arsenic, mercury, and 4,4-DDE exceeded one for at least one receptor. The exceedances for 
arsenic (raccoon and muskrat} were marginal (1.25 or less), as was the exceedance for 4,4’- 
DDE (great blue heron; HQ of 1.06). The HQs for mercury were 4.17 for the great blue heron 
and 2.56 for the belted kingfisher based upon NOAELs. HQs based upon LOAELs were less 
than one for all receptors except for the great blue heron (mercury; HQ of 1.39). 

4.2.4.1 Upper Reaches 

HQs were higher in the upper reaches of the creek than in the lower reaches (Tables 4-8 and 
49). In the upper reaches, there were low magnitude exceedances (based upon NOAELs) 
for arsenic (three receptors), chromium (one receptor), and 4$-DDE (one receptor). HQs for 
mercury (based upon the NOAEL and the LOAEL) exceeded one for two receptors (great 
blue heron and belted kingfisher; Table 4-8). 

4.2.4.2 tower Reaches 

In the lower reaches, only mercury exceeded screening values (for the great blue heron and 
belted kingfisher) and only based upon NOAELs (Table 49). 

4.3 Risk Evaluation 
The potential for adverse effects associated with the PCOCs identified in Section 4.2 and 
Table 410 are evaluated in this section. The goal of this evaluation is to finalize a list of 
Chemicals of Concern (COCs). 

4.3.1 Upper Reaches 
A number of chemicals exceeded screening values in surface water and sediment for the 
upper reaches of Bausch Creek (Table 4-10). In surface water, five metals (aluminum, 
copper, iron, manganese, and mercury) exceeded screening values based upon detected 
dissolved concentrations. The mean HQs for aluminum, iron, and mercury were 2or less but 
exceeded 10 for copper and manganese. Cadmium, lead, nickel, and zinc also exceeded 
screening values based upon total, but not dissolved, concentrations. The mean HQs for 
these four metals were generally two or less (Table 410). No organic chemical exceeded 
surface water screening values based upon a detected concentration. 
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At sampling locations where tidal influences were minimal, results for the paired (high and 
low tide) surface water samples from 1997 were generally similar. However, north of the 
CAL, concentrations of metals tended to be higher during flood tides while in the wetland 
areas west of the landfill, metal concentrations tended to be higher during ebb tides. This 
suggests higher variability in surface water concentrations in areas that are influenced by 
daily tidal flow. It should be noted that the 1997 surface water samples were collected prior 
to the operation of the groundwater extraction and treatment system at the CAL. 

In surface sediment, 11 metals (arsenic, barium, cadmium, chromium, copper, lead, 
mercury, nickel, selenium, silver, and zinc), four pesticides (4,4’-DDD, 4$-DDE, 4,4’-DDT, 
and dieldrin), one PCB (Aroclor-1260), and nine SVOCs (seven PAHs and two phthalates) 
exceeded screening values based upon mean detected concentrations. The HQ for total 
PAHs (1.29) exceeded one based upon mean concentrations but this was influenced by 
elevated reporting limits (greater than 1,000 pg/kg for each individual PAH relative to the 
total PAII screening value of approximately 4,000 pg/kg) in four 1999 samples from the 
vegetated wetland area west of the CAL. Based only upon detections, the mean HQ for total 
PAHs was 0.39. 

The magnitude of the sediment exceedances was low (HQs of 1.5 or less) for barium, 
mercury, nickel, selenium, and several of the PAHs. The frequency of detection was 
5 percent or less for dieldrin, acenaphthylene, and butylbenzylphthalate. A comparison of 
sediment concentrations for non-polar organic chemicals to equilibrium partitioning-based 
sediment quality criteria, which provide a measure of bioavailability (Table 411), suggests 
that potential exposures and risks are limited for these organic chemicals. 

Seven detected chemicals (beryllium and six VOCs) were identified as PC00 based upon 
the lack of sediment screening values. The concentration of beryllium in sediments was 
relatively uniform across the upper reaches, as indicated by a coefficient of variation less 
than one, suggesting that this metal is present at background concentrations and does not 
present an unacceptable risk to ecological receptors. Concentrations of methylene chloride 
and 1,2-dichloroethene were below equilibrium-partitioning-based sediment values (Table 
4-11). Carbon disulfide can be naturally produced in wetland environments, and acetone 
and 2-butanone are common laboratory contaminants. The mean concentrations of carbon 
disulfide, 2-butanone, and vinyl chloride were generally less than available screening values 
for other, similar chemicals. This suggests that these chemicals are unlikely to be present at 
ecologically significant concentrations and they are not retained as COCs. 

Only mercury exceeded (based upon LOAELs) ingestion screening values for mean food 
web exposures. These exceedances occurred for the two piscivorous avian receptors (great 
blue heron and belted kingfisher); HQs were less than two. 

4.3.2 Lower Reaches 
The frequency and magnitude of sediment exceedances in the lower reaches of the Bausch 
Creek system were much lower relative to the upper reaches (surface water samples from 
the main creek channel were not available for the lower reaches). Three metals (arsenic, 
cadmium, and selenium), five pesticides (4,4’-DDD, 4$-DDE, 4,4’-DDT, alpha-chlordane, 
and gamma-chlordane), and three SVOCs (two PAHs and diethylphthalate) exceeded 
sediment screening values based upon mean detected concentrations. The HQ for total 
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PAHs (1.13) exceeded one based upon mean concentrations but was influenced by elevated 
reporting limits (greater than 1,000 pg/kg for each individual PAH relative to the total PAH 
screening value of approximately 4,000 pg/kg) in several 1999 samples. Based only upon 
detections, the mean HQ for total PAHs was 0.20. Data from four 1999 subsurface sediment 
samples collected from the lower reaches of the creek (Table 412) indicate very similar 
COCs and very similar exceedance magnitudes relative to surface sediment samples. 

The magnitude of the sediment exceedances was low (HQs of two or less) for arsenic, 
selenium, and the SVOCs. A comparison of sediment concentrations for non-polar organic 
chemicals to equilibrium partitioning-based sediment quality criteria, which provide a 
measure of bioavailability (Table 411), suggests that potential exposures and risks are 
limited for organic PCOCs in the lower reaches of Bausch Creek. 

Two detected chemicals (beryllium and methylene chloride) were identified as PCOCs 
based upon the lack of sediment screening values. The concentration of beryllium in 
sediments was relatively uniform across the lower reaches, as indicated by a coefficient of 
variation near one, suggesting that this metal is present at background concentrations and 
does not present an unacceptable risk to ecological receptors. Concentrations of methylene 
chloride were below equilibrium-partitioning-based sediment values, suggesting that this 
chemical is unlikely to be present at ecologically significant concentrations. 

No chemical exceeded (based upon LOAELs) ingestion screening values for mean food web 
exposures. 

4.3.3 Spatial and Temporal Trends 
This section contains an evaluation of the sediment data collected in Bausch Creek during 
the period from 1991 to 1999. This is accomplished by: (1) qualitatively evaluating spatial 
trends by partitioning the available data into zones; (2) qualitatively evaluating the temporal 
trends in the data based upon co-located samples collected during different sampling 
events; and (3) qualitatively evaluating trends in the chemical concentrations between 
surface and subsurface sediment samples from co-located samples collected during the 
same sampling event. The evaluation was limited to the sediment COCs identified in the 
two previous sections and summarized in Table 413. 

4.3.3.1 Avaiiabte Data Sets 

The available sediment data were summarized and discussed in Section 3.3.2. For this 
evaluation of spatial and temporal trends, the following data sets were used: 

* 1991 IRI data from the CAL (all samples). 
\ 

0 1992 JXI data (all rounds) from the CAL (all samples). 

* 1993 RI data from the CD Landfill. Only the two sampling locations furthest from the 
landfill (93-12 and 93-15; Figure 33) were used since remedial activities at the landfill 
have impacted the other locations and since the two most downgradient locations would 
best reflect potential contributions to the larger Bausch Creek system (the objective of 
this analysis). 

0 1997 and 1999 data collected to support risk assessment. 
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l 1996,1998, and 1999 data collected from the CASY (all samples). 

It should be noted that surface sediment samples have been collected at slightly different 
depths during these events (0 to 6 in. for 1992 and 1999; 0 to 3 in. for 1993; 0 to 4 in. for 1996, 
1997, and 1998; bottom depth is not known for 1991 samples). For this evaluation, all of 
these surface sediment samples have been pooled. 

--y 

4.3.3.2 Spatial Trends 

Spatial trends in chemical concentrations were evaluated by partitioning the Bausch Creek 
system into eight zones (Figure 3-3): 

l 

0 

0 

. 

l 

Zone l-Camp Allen Salvage Yard (CA!%). 

Zone 2-Bausch Creek along the northeastern border of the CAL. 

0 

Zone 3/3A-Bausch Creek along the southern and southwestern border of the CAL. 

Zone 4-Bausch Creek along the northwestern border of the CAL and adjacent wetland. 

Zone 5-Bausch Creek from the northernmost point of the CAL until the first turn in the 
creek. 

Zone 6-Bausch Creek from the first turn in the creek until the southern edge of the 
runway. 

Zone 7-Bausch Creek from the northern edge of the runway until the confluence with 
the tributary from the CD Landfill. 

Zone El-Bausch Creek from the tributary from the CD Landfill until the creek enters the 
3,900-ft underground culvert. 

The analysis was limited to surface sediment samples because concentrations were expected 
to be more representative (e.g., less variable seasonally and less influenced by site-specific 
variables such as tidal cycle, rainfall-events, etc.) than surface water samples. Data from all 
sampling events were pooled for this analysis. Sample sizes were as follows: Zone l-20; 
Zone 2-12; Zone 3-17; Zone 4-18; Zone 5-13; Zone 6-5; Zone 7-3; and Zone 8-6. 
Data for the three lower zones (6,7, and 8) were largely from the 1999 sampling event; the 
other zones had more of a mixture of data from multiple sampling events. 

Summary statistics calculated for each chemical and zone included the maximum and the 
arithmetic mean. One-half of the sample reporting limit was used for non-detect samples 
when calculating the mean. Elevated reporting limits in some samples for some organic 
chemicals resulted in elevated mean values for these chemicals. The sediment screening 
values from Table 3-14 were used in the evaluation. 

Tables 414 through 416 summarize the results of this analysis. In broad terms, the lower 
portions of Bausch Creek generally show the lowest levels of contamination (Table 4-14) 
while CASY generally shows the highest levels of contamination (pre-remedial samples). 
For metals and pesticides/l?CBs, the highest concentrations (based upon maximum detects) 
tend to be associated with historical samples from CASY and the northern portion of CAL 
(Zones 1,5 4, and 5), while the lowest concentrations tend to be associated with the lower 

,,--*, 
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reaches of the Bausch Creek system (Zones 7 and 8) (Figures 41 and 4-2). For SVOCs, the 
highest concentrations were typically associated with CASY (Zone 1) while the lowest 
concentrations were typically associated with Zone 7 (Table 415; Figure 42). Similar 
patterns were seen based upon mean concentrations (Table 416). 

Relative to sediment screening values, concentrations of some metals (particularly arsenic, 
cadmium, chromium, copper, lead, mercury, silver, and zinc) were elevated in Zones 1,2,4, 
and 5, and to a lesser extent in Zone 3 (particularly for arsenic). Metal concentrations were 
not highly elevated in the lower reaches (Zones 6,7, and 8) or in the upper-most reach 
(Zone 3A). Patterns for pesticides and PCBs were similar to those for metals except that the 
bulk of the elevated concentrations were associated with Zone 1, while elevated 
concentrations for several pesticides extended into Zone 6 (Tables 415 and 416). There was 
a general correlation between elevated pesticide concentrations and vegetated wetland 
areas, suggesting historic application as a possible contributing source and/or differential 
deposition. For PAHs, the most elevated concentrations were associated with CASY 
(Zone 1). However, PAH concentrations were also somewhat elevated in the upper-most 
zone (Zone 3A), suggesting storm water contributions to the system might also be important 
for these constituents. 

4.3.3.3 Temporal Trends 

Temporal trends in chemical concentrations were evaluated by comparing data collected 
during different sampling events at the same approximate location. The evaluation was 
limited to surface sediment samples for the reasons discussed in the previous subsection. 
For a sample point to be selected, data had to have been available from one or both of the 
later rounds (1997 or 1999) and one or both of the early rounds (1991,1992, and 1993). 
Sample groupings evaluated included (see Figure 3-3): 

. 

. 

0 

l 

l 

. 

0 

0 

0 

l 

SD97-11, SD92-B04, and SD91-B04 (Zone 1) 
SD99-05, SD97-12, and SD92-B05 (Zone 2) 
SD97-13, SD92-A02, and SD91-A02 (Zone 2) 
SD99-01 and SD92-A24 (Zone 3) 
SD97-07 and SD91-A07 (Zone 3) 
SD97-08, SD92-A08, and SD91-A08 (Zone 3A) 
SD97-04 and SD92-A14 (Zone 4) 
SD99-08, SD97-01, and SD92-A20 (Zone 5) 
SD99-04, SD97-02, SD92-A04, and SD91-A04 (Zone 5) 
SD99-14 and SD9315 (Zone 7) 

Before beginning the comparisons, the maximum value was taken for any field duplicates. 
Only chemicaIs with at least one detected concentration were compared; full reporting 
limits were used in the comparisons for non-detected samples only if the reporting limit was 
less than the detected values among the other samples. Concentrations between sample 
pairs were considered different if they were at least 50 percent higher or 50 percent lower. 

The results of the evaluation are s ummarized in Table 4-17. Four groups of comparisons are 
reported: (1) 1999 and 1997; (2) 1999 and 1993,1992, or 1991; (3) 1997 and 1992 or 1991; and 
(4) 1992 and 1991. Within each group, the first column indicates the number of tunes the 
chemical was higher (150 percent) in the specified year (e.g., 1999), the second column 
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indicates the number of times the other group (e.g., 1997) was higher, and the third column 
indicates the number of times the two groups were equal (within 50 percent of each other). 

In general, metal concentrations tended to be higher in 1991 and lower in 1999, while PCBs 
and pesticides tended to be higher in 1991/1992 relative to 1997/1999. SVOCs also tended to 
be higher in 1991/1992 and lower in 1997; relative to 1997, SVOC concentrations were 
typically higher in 1999. The patterns for metals, PCBs, and pesticides may reflect positive 
effects from the various remedial actions that have been instituted at the major potential 
source areas within the Bausch Creek system (above the 3,900-ft culvert), including CAL, 
CASY, and the CD Landfill. PAH patterns likely reflect continuing and variable inputs of 
these constituents from storm water runoff. 

4.3.3.4 Trends With Depth in Sediment 

Surface and subsurface sediment samples were collected at 12 locations (SD99-12, SD99-15, 
SD99-16, SD99-18, SD93-15, SD92-A10, SD92-A12, SD92-A14, SD92-A16, SD92-A18, SD92- 
B04, and SD92-B05; Figure 3-3). Data analysis procedures were similar to those described In 
the previous subsection for temporal trends. 

The results of this evaluation are surntna rized in Table 4-18. Metal concentrations with 
depth were overall generally similar. Concentrations of pesticides and PCBs tended to be 
higher in the subsurface samples while PAHs tended to be higher in the surface samples 
based upon detects (Table 418). These patterns were generally consistent among different 
areas. 

4.3.3.5 Summary . 

Some trends were suggested by the available data based upon this qualitative analysis. In 
general, the highest sediment concentrations for most chemicals were associated with CASY 
and the portion of Bausch Creek surrounding the northern half of CAL. The lowest 
concentrations were generally associated with the lower portions of Bausch Creek furthest 
from CASY and CAL. Concentrations of most chemicals tended to be lower during the more 
recent sampling events (1999 and 1997) relative to the older events (1991 and 1992) based 
upon a comparison of co-located samples. In general, metal concentrations were similar in 
surface and subsurface sediment samples, concentrations of pesticides and PCBs tended to 
be higher in subsurface samples, and PAHs tended to be higher in surface samples. 
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SECTION 5 

Uncertainties 

Uncertainties are present in all risk assessments because of the limitations of the available 
data and the need to make certain assumptions and extrapolations based upon incomplete 
information. The uncertainties in this ERA are mainly attributable to the following factors: 

Reporting Limits-Reporting limits for some analytes exceeded applicable screening 
values in some media; these chemicals were not retained as COCs unless they were 
detected. In surface water, mean reporting limits for these chemicals were generally less 
than five times screening values. The main exceptions were toxaphene, 4,4’-DDT, and 
the PCB Aroclors. Based upon their chemical properties, all of these chemicals are likely 
to be retained in sediments and not be present in appreciable quantities in the water 
column. Screening values for these chemicals were generally comparable to, or below, 
reporting limits in sediments. 

l In sediment, mean reporting limits exceeded screening values for a number of chemicals 
although almost always by a factor of four or less. Exceptions included a number of 
SVOCs. For these SVOCs, the means were influenced by elevated reporting limits in a 
number of the 1999 samples. 

l Selection of COPCsxhemicals without available screening values for a medium were 
not retained as COPCs unless they were detected. This was particularly an issue for the 
sediment screen (most chemicals had surface water screening values). 

l Sediment Screening Values-Most of the sediment screening values used in the ERA 
do not consider site-specific bioavailability to ecological receptors and are typically 
based upon correlational studies (termed the Screening Level Concentration approach). 
These factors tend to make the resulting screening values conservative and likely 
overestimate potential risks. 

* Ingestion Screening Values -Data on the toxicity of many chemicals to the receptor 
species were sparse or lacking, requiring the extrapolation of data from other wildlife 
species or from laboratory studies with non-wildlife species. This is a typical limitation 
and extrapolation for ecological risk assessments because so few wildlife species have 
been tested directly for most chemicals. The uncertainties associated with toxicity 
extrapolation were minimized through the selection of the most appropriate test species 
for which suitable toxicity data were available. The factors considered in selecting a test 
species to represent a receptor species included taxonomic relatedness, trophic level, 
foraging method, and similarity of diet. 

l A second uncertainty related to the derivation of ingestion screening values applies to 
metals. Most of the toxicological studies on which the ingestion screening values for 
metals were based used forms of the metal (such as salts) that have high water solubility 
and high bioavailability to receptors. Since the analytical samples on which site-specific 
exposure estimates were based measured total metal, regardless of forrn, and these 
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highly bioavailable forms are expected to compose only a fraction of the total metal 
concentration, this is likely to result in an overestimation of potential risks for these 
chemicals. 

l A third source of uncertainty associated with the derivation of ingestion screening 
values concerns the use of uncertainty factors. For example, NOAELs were extrapolated 
to LOAELs using an uncertainty factor of ten. This approach is likely to be conservative 
since Dourson and Stara (1983) determined that 96 percent of the chemicals included in a 
data review had LOAEL/NOAEL ratios of five or less. The use of an uncertainty factor 
of IO, although potentially conservative, also serves to counter some of the uncertainty 
associated with interspecies extrapolations, for which a specific uncertainty factor was 
not used. 

l Chemical Mixtures-Information on the ecotoxicological effects of chemical interactions 
is generally lacking, which required (as is standard for ecological risk assessments) that 
the chemicals be evaluated on a compound-by-compound basis during the comparison 
to screening value. This could result in an underestimation of risk (if there are additive 
or synergistic effects among chemicals) or an overestimation of risks (if there are 
antagonistic effects among chemicals). 

l Receptor Species Selection-Reptiles were selected as receptors in the ERA, but were 
not evaluated quantitatively even when exposure pathways were IikeIy to be complete. 
Reptiles were evaluated using other fauna (birds and mammals) as surrogates due to the 
general lack of reptile-specific toxicological data. This represents an uncertainty in the 
risk assessment. Y-=-x 

The ERA evaluated amphibians at a critical life stage (tadpole) by screening against 
surface water and sediment screening values. After a search of toxicological databases, 
no relevant dietary toxicological information was found for amphibians. Thus, food web 
exposures for amphibians were not directly, quantitatively evaluated. However, the 
ERA analyzed ingestion exposures for other upper trophic level receptors that eat 
aquatic-based diets (e.g., great blue heron). By analyzing amphibians at a sensitive life 
stage and evaluating other (non-amphibian) upper trophic level aquatic receptors, the 
ERA is likely to adequately bound potential risks to amphibian species, even though 
they were not quantitatively evaluated. 

It was also assumed that any reptiles and amphibians present in the creek were not 
exposed to significantly higher concentrations of COPCs and were not more sensitive to 
COPCs than other receptor species evaluated in the ERA. This assumption was a soume 
of uncertainty in the ERA. In addition, there is some uncertainty associated with the use 
of specific receptor species to represent larger groups of organisms (e.g., guilds). 

l Food Web Exposure Modeling-Chemical concentrations in aquatic food items (plants, 
benthic invertebrates, and fish) were modeled from measured media concentrations and 
were not directly measured. The use of generic, literature-derived exposure models and 
bioaccumulation factors introduces some uncertainty into the resulting estimates. The 
values selected and methodology employed were intended to provide a conservative 
@ERA) or reasonable (Step 3A) estimate of potential food web exposure concentrations. /--- 
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* Another source of uncertainty is the use of default assumptions for exposure parameters 
such as BCFs and BAFs. Although BCFs or BAFs for many bioaccumulative chemicals 
were readily available from the literature and were used in the ERA, the use of a default 
factor of 1.0 to estimate the concentration of some chemicals in receptor prey items is a 
source of uncertainty. 

l Area use factors were assumed to equal one. This is a conservative assumption since a 
significant percentage of each upper trophic level receptor species’ time could be spent 
foraging off-site in unimpacted areas or in areas where chemical concentrations are 
expected to be significantly lower. 

* Total Versus Dissolved Metals-USEPA guidance (USEPA 1996b) indicates that the 
dissolved metal fraction should be preferentially used to the total metal fraction in 
surface water screening. Both total and dissolved concentrations were used in the ERA 
for the surface water screen. High levels of suspended solids and sediment-adsorbed 
metals would result in overstating bioavailable surface water concentrations and thus 
potential exposures and risks. 

0 Me& Versus Maximum Media Concentrations-As is typical in an ERA, a finite 
number of environmental media samples were used to develop the exposure estimates. 
The maximum measured concentration provides a conservative estimate for immobile 
biota or those species with a limited home range. The most realistic exposure estimates 
for mobile species with relatively large home ranges and for species populations (even 
those that are immobile or have limited home ranges) are those based upon the mean 
chemical concentrations in each medium to which these receptors are exposed. This is 
reflected in the wildlife dietary exposure models contained in the Wildlife Exposure 
Factors Handbook (USEPA 1993), which specify the use of average media 
concentrations. Given the mobility of the upper trophic level receptor species used in the 
ERA, the use of maximum chemical concentrations (rather than mean concentrations) in 
the SERA to estimate the exposure via food webs is very conservative. This conservatism 
was reduced to more realistic levels in the values selected for use in the Step 3A 
evaluation. It should also be noted that the spatial groupings used in the Step 3A 
evaluation reduced the spatial area evaluated, making the mean more relevant to 
population-level exposures in each area. 

l Spatial Distribution of Samples-The number and spatial distribution of surface water 
and sediment samples were sufficient to adequately estimate potential ecological risks. 
Twenty-four surface water and 37 surface sediment samples were collected from Bausch 
Creek during the 1997 and 1999 sampling events. The 1999 sampling event, which was 
specifically designed to fill spatial data gaps from the 1997 event, was scoped jointly by 
the Navy, other Tier I Partnering Team members, and the Region 3 BTAG. 

l Frequency of Detection-Frequency of detection was identified as a potential screening 
criterion when sample size and spatial distribution were adequate. Chemicals that were 
detected in less than 5 percent of the samples in a medium were not considered COCs in 
that medium if at least 20 samples were available (USEPA 1989). It is unlikely that 
infrequently detected chemicals represent a risk to receptors at the population level. The 
uncertainties associated with the use of frequency of detection as a screening criterion 
are low as very few chemicals were screened out based solely upon this criterion. 
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SECTION 6 

Ecological Risk Assessment Conclusions 

In conclusion, potential risks are possible in portions of the upper reaches of the Bausch 
Creek system. In these reaches, five metals (altiurn, copper, iron, manganese, and 
mercury) exceeded surface water screening values based upon mean detected dissolved 
concentrations. The mean HQs for aluminum, iron, and mercury were 2 or less but exceeded 
10 for copper and manganese. Cadmium, lead, nickel, and zinc also exceeded screening 
values based upon total, but not dissolved, concentrations. The mean HQs for these four 
metals were generally two or less. No organic chemical exceeded surface water screening 
values based upon a detected concentration. 

In surface sediment from the upper reaches, 11 metals (arsenic, barium, cadmium, 
chromium, copper, lead, mercury, nickel, selenium, silver, and zinc), four pesticides (4,4’- 
DDD, 4$-DDE, 4,4’-DDT, and dieldrm), Aroclor-1260, seven PAHs, and two phthalates 
exceeded screening values based upon mean detected concentrations. The HQ for total 
PAHs (1.29) exceeded one based upon mean concentrations but was influenced by elevated 
reporting limits in several 1999 samples. Based only upon detections, the mean HQ for total 
PAHs was 0.39. The magnitude of the sediment exceedances was low (HQs of 1.5 or less) for 
barium, mercury, nickel, selenium, and several of the PAHs. The frequency of detection was 
5 percent or less for dieldrin, acenaphthylene, and butylbenzylphthalate. A comparison of 
sediment concentrations for non-polar organic chemicals to equilibrium partitioningYbased 
sediment quality criteria, which provide a measure of bioavailability, suggests that potential 
exposures and risks are limited for organic chemicals. 

Only mercury exceeded (based upon LOAELs) ingestion screening values for mean food 
web exposures in the upper creek reaches. These exceedances were limited to the two 
piscivorous avian receptors (great blue heron and belted kingfisher); HQs were less than 
tW0. 

The frequency and magnitude of sediment exceedances in the lower reaches of the Bausch 
Creek system were much lower relative to the upper reaches (surface water samples from 
the main creek channel were not available for the lower reaches). Three metals (arsenic, 
cadmium, and selenium), five pesticides (4,4’-DDD, 4$-DDE, 4,4’-DDT, alpha-chlordane, 
and gamma-chlordane), two PAHs, and diethylphthalate exceeded screening values based 
upon mean detected concentrations. The HQ for total PAHs (1.13) exceeded one based upon 
mean concentrations but was influenced by elevated reporting limits in several 1999 
samples. Based only upon detections, the mean HQ for total PAHs was 0.20. Data from four 
1999 subsurface sediment samples collected from the lower reaches of the creek show very 
similar COCs and very similar exceedance magnitudes relative to surface sediment samples. 

The magnitude of the sediment exceedances in the lower reaches was low (HQs of two or 
less) for arsenic, selenium, and the SVOCs. A comparison of sediment concentrations for 
non-polar organic chemicals to equilibrium partitioning-based sediment quality criteria, 
which provide a measure of bioavailability, suggests that potential exposures and risks are 
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limited for organic PCOCs in the lower reaches. No chemical exceeded (based upon 
LOAELs) ingestion screening values for mean food web exposures. 

The Bausch Creek system has been significantly altered (channelized) from its original state 
and currently provides limited habitat values for most ecological receptors. Most of the 
existing habitat values are provided by the few remaining vegetated wetland areas. Major 
remedial and removal projects have been completed, or are in progress, at major source 
areas (CAL, CASY, and the CD Landfill) in the upper portions of the Bausch Creek system. 
Therefore, potential contaminant migration pathways from these sources to Bausch Creek 
have been, or soon will be, eliminated. A qualitative analysis of spatial trends suggests that 
chemicals are not migrating (and have not migrated) far from source areas in significant 
quantities and that the concentrations of chemicals are generally decreasing over time (likely 
reflecting the results of remedial actions). In general, the highest sediment concentrations 
were associated with CASY and the portion of Bausch Creek immediately north of CAL, 
while the lowest concentrations were generally associated with the lower portions of Bausch 
Creek furthest from CASY and CAL. This suggests that chemicals related to these sources 
are not migrating (and have not migrated) to the lower portions of Bausch Creek (north of 
the runway), and/or to Willoughby Bay, in significant quantities. In general, metal 
concentrations were similar in surface and subsurface sediment samples, concentrations of 
pesticides and PCBs tended to be higher in subsurface samples, and PAHs tended to be 
higher in surface samples. 
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SECTION 7 

Baseline Problem Formulation (Step 3B) 

The baseline problem formulation is a revision of the screening problem formulation and is 
focused on better defining the key pathways, chemicals, and receptors that may be driving 
potential risks at the site. The baseline problem formulation refines the conceptual model 
and endpoints from the SERA to reflect the results of the Step 3A evaluation. 

7.1 Refined Conceptual Model 
Information on the habitat features of the Bausch Creek system, the fate and transport 
mechanisms of the COCs, and the key exposure pathways and receptors are used to refine 
the conceptual model. The refined conceptual model uses the results of the Step 3A 
evaluation and addresses complete transport and exposure pathways, key receptors, 
assessment endpoints, and risk hypotheses. 

. . 

7.1 .I Transport Pathways 
A transport pathway describes the mechanisms whereby chemicals may be transported 
from a source of contamination to ecologically relevant media. These transport pathways 
are shown on Figure 7-1. Source-related chemicals in surface water and sediment may have 
been transported, historically, via surface runoff, seeps, and groundwater, although these 
are expected to be minor pathways, currently, due to past and on-going remedial actions at 
source areas. 

7.1.2 Exposure Pathways 
An exposure pathway links a source of contamination with one or more receptors through 
exposure via one or more media and exposure routes. Exposure, and thus potential risk, can 
only occur if complete exposure pathways exist. Figure 7-l shows the complete and 
significant exposure pathways to ecological receptors in Bausch Creek. Based upon the 
results of the Step 3A evaluation, the complete and significant exposure pathways include: 

l Direct exposure of lower trophic level wetland receptors to metals (primarily cadmium), 
pesticides, and PAHs in the sediments of the lower creek reaches. Pesticide and PAH 
exposures and risks are likely to be minima1 when bioavailability factors are considered. 
Risks from exposure to metals are likely to be low based upon the magnitude of the HQs 
and the habitat quality present in the lower creek reaches. 

e Direct exposure of lower trophic level wetland receptors to metals (particularly copper 
and manganese) in the surface waters of the upper creek reaches. These potential risks 
may no longer reflect current exposures given that surface water samples were collected 
prior to the implementation of the remedial actions at the CAL and the C&Y. 

l Direct exposure of lower trophic level wetland receptors to metals (particularly arsenic, 
cadmium, chromium, copper, lead, silver, and zinc), pesticides, and PAHs in the 
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sediments of the upper creek reaches. Pesticide and PAH exposures and risks are likely 
to be minimal when bioavailability factors are considered. 

l Indirect exposure (via food webs) of upper trophic level picivorous birds to mercury in 
the sediments of the upper creek reaches. 

7.1.3 Assessment Endpoints and Risk Hypotheses 
Assessment endpoints are intended to focus the risk assessment on particular components 
of the ecosystem that could be adversely affected by contaminants from the site. The 
Step 3A assessment endpoints and risk hypotheses adequately reflect the revised conceptual 
model and are not reformulated for the specific receptors of interest. 

7.2 Recommendations 
Based upon the results of this ERA, it is recommended that the ERA process continue for the 
Bausch Creek system and focus on the pathways, receptors, chemicals, and areas where the 
ERA indicated that potential risks are possble. Thus, the focus would be on metals in the 
sediments of the upper creek reaches (Zones 1 through 5). 
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I Soil Types Present on the Facility II 
Naval Station Norfolk, N&o/k, Virginia 

Soil Index Symbol 1 Soil Name 1 Percent of Total 

2 I IO 

12 
14 
24 

1 Urban Land 35.6 
1 

Urban Land-Udorfhents Complex 13.3 

Udorthents, Loamy 35.0 
Udorthents, Clayey 2.5 

1 Bojac Fine Sandy Loam 1.7 

II 26 
34 

1 State Fine Sandy Loam (O-2% Slope) I 8.6 II 
1~ Munden Fine Sandv Loam 2.2 

I 36 42 1 1 Tetotum Draaston Fine Fine Sandy Sandv Loam Loam I 0.3 0.5 I 

II 
, 

Augusta Fine Sandy Loam I 0.1 
I 

I 
r 

W 1 Water I 0.2 
From lN!?MP 119971 
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Table 2-2 
Vegetation Which May Occur 

I! Naval Station Norfolk, Norfolk,, Vir&ia 
- . . . . 1 

If Scientific Namn I Common Name 

Buttonweed 
Barnyardgrass 
Annual spikesedge 
Goosegrass 

1 Ndes 11 --.-.._...- _.-,..- 

Diodia teres 
Echinochloa crusgalli 
Eleocharis microcarpa 
Eleusine indica 

11 frigerpn strigosus var. beyrichii ._ 
II Frvnr rium vuccifolkim -’ “2 

Eupatorium album 
Eupatorium capillifolium 
Eupa 

1 Daisy fleabane 
I Button snakeroot 

White eupatorium 
Dogfennel 

lpomoea hederacea 
Ipomoea purpurea 
Juncus biflorus 
Juncus effusus 
Juncus scirpoides 
Juncus tenuis 
Lactuca scarioia 
Lamium amplexicaule 
Lepidium virginicum 
Lespedeza stria ta 
Liafris acidota 
Medicago lupulina 
Moiluao verticilata 

1 Morning glory 
1 Annual morning glory 
1 Twinflower rush 
1 Common rush 
1 Needlepod rush 

Poverty rush 
Prickly lettuce I 
Henbii 
Peppergrass I 
Common lespedeza W 
Slender gayfeather t 
Black medic 
Caroetweed I 

Muhlenbergia expansa 
Muhlenbergia schreberi 
Oxalis s tricta 

I --,-- ~-- 

Cutover muhly 
Nimblewill 
Yellow wood sorrel 

Panicum angustifoium 
Panicum dichotomiflorum 
Panicum rhizomafum 

Narrowleaf panicurn 
Fall panicum 
Spreading panicum 

11 Panicum virgatum 1 Switchgrass 
II Pasoalum difatatum 

II 

1 Da&grass 
Paspalum floridanum f Florida paspalum 

i 
II 

Pferidiumaquilinum var. pusedo caudatum 
Phyfolacca americana 
Plantago arisfafa 
Plantago lanceofata 

t Southern bracken fern 
Pokeweed 
Bracted plantain 
Buckhorn plantain 

I 

! 4 

f--Y 

,/-- 1 u Plantago major 1 Plantain t u 
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Scientific Name 

ionicera japonica 
Myrica cerifera 
Parthenocissus quinguifolia 
Rhododendron serrulatum 
Rhus copallina 
Rhus glabra 
Rhus radicans 
Rhus typhina 
Rhus vernix 
Rubus spp. 
Sambucus canadensis 
Smilax bona-nox 
Smilax g/auca 
Smilax laurifola 
Smi/ax rotundifoia 
Smilax smallii 
Symplocos tinctoria 
Vaccinium arboreum 
Vaccinium vaciIans 
Viburnum acerifojium 

Table 2-2 
Vegetation Which May Occur 

Naval Station Norfolk, Norfolk, Virginia 
Common Name 

Japanese honeysuckle 
Southern wax myrtle (bayberry) 
Virginia creeper 
Hammocksweet azalea 
Shining sumac 
Smooth sumac 
Poison ivy 
Staghorn sumac 
Poison sumac 
Dewberries, blackberries, raspberries 
American elder 
Saw greenbrier 
Cat greenbrier 
Laurel greenbrier 
Common greenbrier 
Lanceleaf greenbrier 
Common sweetleaf 
Tree sparkleberry 
Low blueberry 
Maoleleaf viburnum 

Notes 

W 
W 
W 

W 
W 

p,w 
W 
P 
W 
W 
W 
W 
W 
W 
W 

I W 
W 

I W 

Acer rubrum 1 Redmapfe 
Acer saccharinum 1 Sihrer maple 
Carpinus caroiiniana American hornbeam 
Caya aquatica Water hickory W 
Carya cordiformis Bitternut hickory I W 
Celtis hevigata Sugarberry 
Celtis occidentalis Hackberry I 
Chamaecyparis tiyoides 1 Atlantic white cedar 
Chronanthus virginicus 

1 
1 Fringetree I 

Cornus florida 1 Flowering dogwood W 
fagus grandifolia [ American beech I W 
Fraxnus pennsylvanica 1 Green ash 
//ex cessine 1 Dahoon 
Ilex opaca 1 American hotly W 
&glans n&a 1 Black walnut W 
Juniperus virginiana 1 Eastern red cedar 
iiquidambar styraciflua 1 Sweetgum 

1 
Magnolia grandifora Southern magnolia 
Magnolia virginiana Sweetbay W 
Nyssa aquatica Water tupelo W 

DRAFT Page 4 of 5 



Vegetation Which May Occur 

II W - Denotes important wildlife food and cover plants 
P- DenfAx nnisnnntls nlants II 
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Common Name 

:eous Plants 
m thrmcntmm 

Table 2-3 
Dominant Vegetation of Wetland Areas 
Naval Station Norfolk, Norfolk, Vjrghia 

1 Scientific Name 1 Wetland Statusa 1 Notes 

I .%+nr 1.e nr fnncms I FACW+ I * 

I Americ;. . LI ., yVv.,uuS v -““r-l r-,‘J I.._ 
Asiatic dayflower I Commelina communis FAC- * 

Black needlerush I Juncus roemerianus C-’ 
] II 

- _ _ _ _ - . . 

Broom sedge 
Chicory 

Carex spp. 
Cichorium infybus 

)BL I 
FACW * 

UPL ! 
I Xanfhium chinense II Cocklebur I UPL I II 

Common reed I Phragmifes communis ! FACW ! 
* 

II 

II Crabgrass 1 Digifaria spp. I -- I 
Cutarass I / fmxia snn -- II 

Daisy fleabane 
Dock 
Dune grass 

English plantain 
False nettle 

---.-.- -l-r- 

I Erioeron sfriaosus -..=-.-.. -~~y~~~~ 
Rumex spp. 
_- 
Eieo charis par&a 
/J/a@ffln lance&t2 -“J1 ,I, .---.--- 

Boel.... -. -. -, ~~ 5meria cvlindrica 
-- 

I I 

I FACU+ I II 
* -_ 

-v 

1 ! 
I 

OBL * 
II 

I 
I 

UPL 

I FAcw+ 
I * II 
I 

I * II 
I -- I II r I 
I UPL I 

---II 

I I 
I I * __ II 

Fine-lined sneezeweed 
Goldenrod 

1 Helenium fenuifolium 
&A-hnn cnn 

II Jaoanese clover I Lespedeza sfriafa 
;fer simrdex 

I FACU I 
OBL * II I Large saltmarsh aster f At._. _.._. r.-.. 

Marsh fern I Thelypferis fhelypferis I FACW.t. 
: FACW * II If Marsh foxtail 1 AIopecurus prafensi: 

Marsh mallow } Alfhaea officinalis 
M arsh-elder I Iva frufescens 
Meadow foxtail I Alopecurus geniculatus 

FACW+ 
FACW+ 

OBL * 

I, Mistflower 1 Eupatorium coelestinum 
[ Verbascum blaffaria 

! FAC 
Moth mullein I 

1 II 
UPL I II 

II Narrow-leaved cattail I Tvoha anuustifola ~~ I OBL I II 
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Dominant Vegetation of Wetland Areas 
Naval Station Norfolk, Norfolk, Virginia 

Common Name 1 Scientific Name 1 Wetland Statusa Notes 

Sweet white clover Melilofus alba I FACU- 
Water hemlock Cicufa maculata OBL 
Yellow sow thistle Cirsium horrid&m I FACU- 
Woody Plants 
Atlantic white cedar Chamaecyparis thyoides OBL I 
Black cherry Prunus serofina FACU * 

Eastern red cedar Juniperus virginiana FACU 
Greenbrier Smikix spp. -- 

Groundset-tree Baccharis halimifolia FACW * 

Japanese honeysuckle Lonicera japonica FAC- * 

Loblolly pine Pinus taeda FAC- 
Mulberry I Morus spp. -- 

Poison ivy f Rhus radicans FAC * 

Red maple Acer rubrum FAC 
Smooth sumac Rhus glabra UPL * 

Southern red oak Quefcus falcafa FACU- 
Swamp rose Rosa palustris OBL 
Sweetgum Liquidambar styracif/ua FAC I * 
Virginia creeper Parfhenocissus quinquifolia FACU 
Wax myrtle Myrica cerifera FAG I 
Willow Salk spp. * -- 

Willow oak Quercus phellos FAC+ I 
* Found in wetland area west of Camp Allen LandfilI 
“OBL - Obligate wetland (>99% probability of occurring in wetlands); FACW - Facultative Wetland (67.99%); FAC - 
Facultative (34-66%); FACU - Facultative Upland (l-33%)); UPL - Obligate Upland (~1%); Minus sign - tends to lower 
end of range; Plus sign - tends to higher end of range (Reed 1988) 
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Table 2-4 
Bird Species Expected to Occur 

Scientific Name 

Buteo lineafus 
Buteo platypferus 

Naval Station Norfolk, Norfolk, Virginia 
Common Name 

Red-shouldered hawk 
Broad-winged hawk 

1 status 

II Butorides sfriafus I Green-backed heron I Ii 
Calcarius lapponicus 
Calidris alba 

1 Lapfand tongspur 
1 Sanderling 

I 
II 

Calidris alpina 
Calidris bairdii 
Calidris canutus 

Dunlin 
Baird’s sandpiper 
Red knot 

ris ferruainea Caiid 
Calidris fuscgollis 
Calidrs marifima 
Calidriis mauri 

i Curlew sandoioer t--t- 
White-rumped sandpiper 
Purple sandpiper 
Western sandpiper 

t ii 

II Calidris meianotos 1 Pectoral sandpiper I 
Caiidris minutilla 1 Least sandoioer II 
Calidris pusilla 
Capella gal/&ago 
Caorimulaus carolinensis 

Semipalmafed sandpiper 
Common snipe 
Chuck-will’s widow 

&due/is pinus 
Carduelis trisfis 
Carpodacus mexicanus 
Carpodacus purpureus 
Casmerodius a/bus 

Pine siskin 
f American gokifinch 
1 House finch 
1 Purpfe finch 
1 Great earef 

Cafhartes aura 
Catbarus fuscescens 
Cafharus guftafus 
Catharus minimus 
Caiharus usfulafus 
Ca fopfrophorus semipalma tus 
Cerfhia americana 

I Cende alcvon 

1 Turkey iulfure 
Veery 
Hermit thrush 
Gray-cheeked thrush 
Swainson’s thrush 
Willef 
Brown creeper 

1~ Belted kinafisher 
Chaetura pelagica 
Charadrius melodus 
Charadrius semipalmatus 
Charadrius vociferus 
Charadrius wilsonia 
Chen caerulescens 
Chfidonias niger 
Chondestes grammacus 
Chordeiles minor 
Circus cyaneus 
Cistofhorus palusfris 
Cistofhorus platens& 
Clangula hyemalis 

Chimney swiff 
Piping plover 
Semipalmafed plover 
Killdeer 
Wilson’s Plover 
Snow goose 
Black fern 
Lark sparrow 
Common nighthawk 
Northern harrier 
Marsh wren 
Sedge wren 

, Oldsquaw 
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Scientific Name 

Coccyzus americanus 
Coccyzus erythropthatmus 
Colaptes aura&s 
Colinus virginianus 
Columba livia 
Columbina falpacoti 
Contopus virens 
Coragyps atfratus 
Corvus brachyrhynchos 
Corvus ossifragus 
Cofurnicops noveboracensis 
Cyanocitta cristata 
Dendroica caerulescens 
Dendroica castanea 
Dendroica cerulea 
Dendroica coronata 
Dendroica discolor 
Dendroica dominica 
Dendroica fusca 
Dendroica magnolia 
Dendroica patmarum 
Dendroica pensylvanica 
Dendroica pefechia 
Dendroica pinus 
Dendroica striata 
Dendroica tigrina 
Dendroica virens 
Dichromanassa rufescens 
Dofichonyx oryzivorus 
Dryocopus pijeatus 
DumeteNa carolinensis 
Egretfa thula 
Empidonax flaviventris 
Empidonax minimus 
Empidonax trail/ii 
Empidonax virescens 
Eremophila alpesttis 
Eudocimus a/bus 
Euphagus carolinus 
Euphagus cyanocephalus 
Falco co/umbarius 
Falco peregrinus 
Falco sparverius 
Florida caerulea 
Fuka americana 
Gailinula chloroous 

Table 2-4 
Bird Species Expected to Occur 

Naval Station Norfolk, Norfolk, Virginia 
Common Name 

Yellow-billed cuckoo 
Black-billed cuckoo 
Northern flicker 
Northern bobwhite 
Rock dove 
Common ground-dove 
Eastern-wood pewee 
Black vulture 
American crow 
Fish crow 
Yellow rail 
Blue jay 
Black-fhroafed blue warbler 
Bay-breasted warbler 
Cerulean warbler 
Yellow-rumped warbfer 

f Prairie warbler 
Yellow-fhroafed warbler 
Blackburnian warbler 
Magnolia warbler 
Palm warbler 
Chestnut-sided warbler 
Yellow warbler 
Pine warbler 
Blackpoll warbler 
Cape May warbler 
Black-fhroafed green warbler 
Reddish egret 
Bobolink 

1 Pileafed woodpecker 
1 Gray catbird 

Snowy egret 
Yellow-bellied flycatcher 
Least flycatcher 
Wiifow flycatcher 
Acadian flycatcher 
Horned lark 
White ibis 
Rusty blackbird 
Brewer’s blackbird 
Merlin 
Peregrine falcon 

1 American kestrel 
Little blue heron 
American coot 
Common moorhen 

1 Status 

* 

t 

* 

I 

I 
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Table 2-4 
Bird Species Expected to Occur 

Scientific Name 

Gavia immer 
Gavia sfellafa 

Naval Station Norfolk, Notio\k, Vjrginia 
Common Name 

Common loon 
Red-fhroafed loon 

Status 

II Getochelidon nbfica 1 Gull-b 

Helmifheros vermivorus Worm-eating warbler 
Hesperiphona vesperiina Evening grosbeak 
Himantopus mexicanus Black-necked stilt 

II Hirundo rusfica 
Hisfrionicus hisfrionicus 
Hydranassa tricolor 

Barn swallow 
Harlequin duck 
Tricolored heron 

II Hvtocichla mustetina 
v- , 

lcferia virens 
tcferus galbula 
tcferus spurius 

I tctinia mississippiensis 

I Wood thrush 
Yellow-breasted chat 
Northern oriole 
Orchard oriole 
Mississippi kite 

f 

* 

tridoprocne bicolor 
txobrychus exilis 
Junco hyemalis 
Lanius ludovicianus 
L arus argenfafus 
Larus africil/a 
La rus de/a warensis 
Larus fuscus 
Larus hyperboreus 
Larus marinus 

1 Tree swallow 
1 Least bittern 
1 Dark-eyed junco 

Loggerhead shrike 
Herring gull 
Laughing gull 
Ring-billed gull 
Lesser black-backed gult 
Glaucous gull 
Great black-backed gulf 

tnitta nigra Black scofer ll Me/a 
Metaniffa persptciltafa 1 Surf scoter 

‘-7 
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Table 2-4 
Bird Species Expected to Occur II 

Scientific Name 

Naval Station Norfolk, Norfolk, Virginia 
1 Common Name 1 Status 

n 
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Table 2-4 1 
Bird Species Expected to Occur 

Scientific Name 

Picoides vittosus 
Pipito erythrophthalmus 
Piranga tudoviciana 
Piranga oiivacea 
Piranga rubra 
Plecfrophenax r&a/is 
Plegadis falcinetlus - . . . 

Naval Sta tian Norfolk, Norfolk, Virginia 
Common Name 

Hairy woodpecker 
Rufous-sided towhee 

! Western tanager 
Scarlet tanager 
Summer tanager 
Snow bunting 
Glossy ibis 

I 
Status ( 

f 

* 

Fwvialrs dommica I Lesser aolden alover 

d-necked arebe 

,-arav anafcafcher 

1 Purple gallinule 

I 

r 

Porzana caralina f Sora I 
Proune subis I Purole martin II 



Table 2-4 
Bird Species Expected to Occur 
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Table 2-5 
Mammals Which May Occur 
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Table 2-6 
Amphibians and Reptiles Likely to Occur 

Naval Station No/folk, Norfolk, Virginia 

Scientific Name 1 Common Name 

Sirens 
Siren lacerbna 1 Greater siren 
Salamanders 
Ambystoma maculatum Spotted salamander 
Ambystoma opacum Marbled salamander 
Amphiuma means means Two-toed salamander 
Desmognathus auriculatus Southern dusky salamander 
Euryces bistineafa bislineata Northern two-lined salamander 
Euryces tongicauda guffolineata Three-lined salamander 
Necturus punctatus punctatus Dwarf waferdog 
Nofopthatmus vtridescens Red-spotted newt 
PIethodon cinereus cinereus Red-backed salamander 
Plethodon glutinosus glutinosus Slimy salamander 
Pseudo/r//on montanus montanus Eastern mud salamander 
Sfereochutus margtnafus Manydlined salamander 
Frogs and Toads 
Acris gryt/us gryllus Southern cricket frog 
Bufo fowled Fowler’s toad 
Bufo quercicus Oak toad 
Bufo terrestris Southern toad 
Gastrophryne carolinensis Eastern narrow-mouthed toad 
Hyta chrysoscetis Southern gray free frog 
Hyla cinerea cinerea Green free frog 
Hyta crucifer crucifer Northern spring peeper 
Hyta femoratis Pine woods free frog 
Hyla gratiosa Barking free frog 
Hyta squire/la Squirrel free frog 
Limnaoedus ocularis Little grass frog 
Pseudacris brtmteyi Brimely’s chorus frog 
Pseudacris /riser/a/a ferr;lrum Upland chorus frog 
Rana catesbeiana Bullfrog 
Rana clamitans metanota Green frog 
Rana pa/u&is Pickerel frog 
Rana sphenocephala 
Scaphiopus holbrookt ho/brook/ 
Turtles 
Chetydra serpentina serpentina 
Chrysemys concinna concinna 
Chrysemys f/oridana ftordana 
Chrysemys rubriventns 
Chrysemys p/c/a picfa 
Clemmys guttata 
Kinosfernon subrubrum subrubrum 
Matactemys terrapin terraprit 
Sfernothaerus odoratus 
Terrapene Carolina Carolina 

1 Southern leopard frog 
1 Eastern spadefoof toad 

Common snapping turtle 
River tooter 
Florida coofer 
Red-bellied turtle 
Eastern painted turtle 
Spotted turtle 
Eastern mud furfte 
Northern diamond-backed terrapin 

1 Sfinkpof 
I Eastern bog turtle 
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II Table 2-6 II 

II Amphibians and Reptiles Likely to Occur 

I Naval Station Notfolk, Norfolk, Vkginiz 
Scientific - . Name I Common Name’ 

Sea Turtles 
Caretfa caretta caretta 1 Atlantic Ic 

mvdas I Atlantic areen turtle 

Agkisfrodon piscivorus piscivorus 
&rnhnnhis amoenus amoenus --‘r’.-l-.“- 

Cemophora coccinea copei 
Cnemidophorus sextjneatus 
Cotuber constrictor constrictor 

I Eastern cottonmouth 
I Eastern worm snake 

Southeastern scarlet snake 
Six-lined race runner 
Northern black racer 
Canebrake rattlesnake - . .._ -.-..- ._._.__.. -.._ 

If 
II 

Crofalus horridus atricaudatus 
Dtadophis punctal 

_r . , !us punctafus 
sphe guttata guttata 
sohe obboteta obsoleta 

Southern ring-necked snake 
Corn snake 
Black rat snake 

tl; 
E/Z, 
Eumeces fasciatus 
Eumeces inexpectatus 
Eumeces laticeos 

1 Five-lined skink 
I Southeastern five-lined &ink 
I Broad-head skink 

Farancia abacura abacura 
Farancta erythrogramma eryfhrogramma 
Heterodon ptatyrhinos 
Larnpropeltis catligaster rhombomacutafa 
Lampropetfis getutus getutus 
Lampropetfis triangutum femporatis 
Lygosoma taterale 
Natrix erythrogaster erythrogaster 

Eastern mud snake 
Rainbow snake 
Eastern hognose snake 
Mole snake 
Eastern king snake 
Coastal plain milk snake 
Ground skink 
Red-bellied wafer snake 

11 Natrtx sipedon sipedon 1 Northern wafer snake II 
Natrix tax/..p//ota 
Upheodrys aestivus 
Ophisaurus affenuatus tongicaudus 
Sceloporus undulatus hyacinthinus 
Storepia deka vi dekavi 
Storer/a occipiromaculata occipitomaculafa 
Thamnophts sauril ‘us sauritus 
Thamnophis sirtatis siriatis 
Virginia striatola 
Virgtnia vateriae vateriae 
From INRMP (I 997) 

Brown wafer snake 
Rough green snake 
Eastern slender glass lizard 
Northern fence lizard 
Northern brown snake 

f Northern red-bellied snake 
I Eastern ribbon snake 

Eastern garter snake 
Rough earth snake 
Eastern @h snake f 

.>--S. 

,- 
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Fish Species Documented in Surrounding Waters II 

Scientific Name 

Alosa aestivalis 

Naval Station Norfolk, Norfolk Virginia 
1 Common Name 

1 Blueblack herring 
Alosa pseudoharengus 
Alosa sapidssima 
Ammodyfes spp. 
Anchoa hepsetus 
Anchoa mitchilli 
Anguilla rostrata 
Brevoortia tyrannus 
Centropristis striata 
Chasmodes saburrae 
Conger americanus 
Cynoscion regalis 
Cyprinus carpio 
Dorosoma cepedianum 
Esox niger 
Etropus microstomus 
Fund& diaphanus 
Fund&/s heteroclitus 
Funduius maialis 
Gambusia a#inis 

Alewife 
American shad 
Sand lance 
Striped anchovy 
Bay anchovy 
American eel 
Atlantic menhaden 
Black seabass 
Striped blenny 
Conger eel 
Weakfish 
Carp 
Gizzard shad 
Chain pickerel 
Smallmouth flounder 
Banded killifish 

1 Mummichog 
Striped killifish 
Mosquitofish 
Clingfish 
Skilletfish 
Naked goby 
Seaboard goby 
Lined seahorse - 
Feather blenny 
White catfish 

Gobiesox spp. 
Gobiesox strumosus 
Gobiosoma bosci 
Gobiosoma ginsburgi 
Hippocampus en&us 
Hypsoblennius hentzi 
lctalurus catus 

ictalurus natalis 
Ictalurus nebulosus 
lctalurus punctatus 
L eiostomus xanthurus 
Lepomis gibbosus 
Lepomis macrochirus 
Lepomis microlophus 
Loohius americanus 
Membras martinica 
Menidia beryllina 
Menidia menidia 

1 Yellow bullhead 
1 Brown bulthead 

Channel catfish 
spot 
Pumpkinseed 
Bluegill 
Redear sunfish 
Goosefish 
Rough silverside 
Tidewater silverside 
Atlantic silverside 

b 
Microgobkts thalassinus Green goby 
Micropogon undulatus Atlantic croaker 
Morone americanus [ White perch 
Morone saxatilis 1 Striped bass 
Mugii curema 1 White multet 
Notemiuonus crvso!eucas t Golden shiner 
Opsanus tau 1 Oyster toadfish 
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Table 2-7 
Fish Species Documented in Surrounding Waters 
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II Table 3-l 
Water Column Parameter Values II 

Sample Date Tide 

Naval Sfafion Norfolk, Norfolk, Virginia 

Tidal Temperature Conductivity Salinity Dissolved Water Channel 

Effect (“C) PH (us/cm) (ppt) Oxygen (mg/L) Depth (m) Width (m) 

13.7 12.6 0.84 -- 
3.20 2,270 1 1.10 11.0 0.15 -- 

1.00 11.4 0.18 -- 
2,932 1.50 1 3.60 1 0.53 1 -- II 

1 ,W”” .-1- 
_.__ , 

3,021 ;:i, 7.15 0.51 -- 
452 0.50 6.80 0.15 -- 

I 13.0 I 0.03 I . . II 

1.20 1 6.90 1 0.48 I I. 
II 

/ 0.70 1 9.88 1 0.08 1 -- II 

8.02 1 0.10 1 -- 9.50 1 0.30 1 -- II 
814 0.40 1 8.50 1 0.10 1 -- II 

f-l 4n I 8.45 I 0.10 I . . II -. .” -. .- _. _ 
I, 

570 0.30 8.50 0.36 -- 
539 0.30 8.80 0.36 -- 

mn I 7.00 I 0.43 I . . II 
I I 

.-- 
I 

11 SW-97"12H 1 0310811997 1 -- 12.3 1 6.16 1 1 iii 1 4.50 1 0.43 1 -- 1 
SW-97.13L 02125l1997 -- -- No 11.0 6.86 1 8cB 

-11 

I n4n 

. . . . 

I 8.20 I 0.18 _. _ I II 
J 

SW-97.13H 03108/1997 -- No 11.0 6-m -.-. I 880 0.40 ;:43 0.18 -- 
SW-97.15L 0310911997 Low Yes 13.2 7.65 1 1,575 0.80 6.25 0.03 -- 

SW-97.15H 03109/1997 High/Flood Yes 8.70 6.30 1 21,110 1 12.6 1 8.46 1 0.24 1 -- II 
-is99 Samples 
SD-99-01 11/19/1999 Low/Flood Yes 18.0 6.50 552 0.20 10.5 0.24 9.0 
SD-99-02 11/19/1999 -yes-: Low/Ebb -- -- . . 0.01 4.0 
SD-99-03 11/17/1999 Low/Ebb Yes 7.40 6.28 5,310 1 2.60 1 6.46 1 0.10 I 6.0 

SD-99-04 11/17/1999 Low/Ebb Yes 9.80 5.70 1,410 1 0.70 1 1 

II 

7.10 0.20 1 6.0 SD-99-05 11/17/1999 -- No 14.6 .' 5.40 443 1 0.10 I 2.22 I 0.54 I -- ~-_- 
SD-99-06 11/17/1999 Low/Flood Yes -- “. . . . . -1 

Low/Slack Yes 9.70 6.31 1 
! 1 0.02 1 

II 
4.5 

SD-99-07 1111711999 3,460 1 1.70 1 10.6 1 0.50 1 
II 

6.0 
SD-99-08 11/17/1999 Low/Flood Yes 9.40 6.85 1 3,940 1 1.90 I 9.13 1 0.32 1 

11 
8.0 U , 
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Sample Date 

SD-99-09 11/18/1999 
SD-99-10 11/18/1999 
SD-99-11 11/18/1988 

Tide 

Mid/Flood 
Mid/Flood 
Low/Flood 

Table 3-l 
Water Column Parameter Values 

Naval Station Notiolk, Norfolk, Virgini 

Tidal Temperature Conductivity Salinity Dissolved Water Channel 
Effect (“(7 PH (us/cm) (ppt) Oxygen (mg/L) Depth (m) Width (m) 

? . . . . . . . . . . <O.Ol . . 
Yes -- . . . . . . . . co.01 4.0 
Yes IO,5 a59 2,750 1.30 8.80 0.26 8.0 

SD-99-12 11/18/1999 Low/Ebb ? . . . . .I 1. . . 0.15 6.0 
SD-99-13 1 i/l 8/l 999 Low/Ebb Yes -- . . . . ". . . 0.02 2.5 
SD-99.1 4 1 l/l 6/l 99! 

11 SD-99-15 
3 I High/Ebb 1 Yes I 12.6 1 5.78 1 2,590 1 15.6 1 7.38 1 0.42 1 4.5 II 

I 1~/18/1999 I Low/Ebb I Yes I 7.80 I 6.93 I 9.800 I 5.20 I 8.28 I 0.41 I 8.0 II 
II SDQS-1 -'- 

t 
6 I 11/18/1999 I HinhlFlood I Yes I II,5 1 8.19 27,300 1 i7.3 10.2 0149 20 

1 30,000 1 18.3 11.1 0.46 20 
- -  .  .  I  

SD-99-17 11/18/1999 High/Flood Yes 11.6 8.1 
SD-99-18 11/18/1999 Mid/Ebb Yes 8.50 6.78 17,800 10.3 7.35 0.37 15 
SD-99-19 II/1911999 Low/Ebb Yes -- . . I. I. . . 0.00 -- 
SD-99-20 11/19/1999 Low/Ebb yes . . . . . . . . . . 0.00 -- 
SD-99-21 1111911999 Low/Ebb Yes -- . . . . .I ." 0.01 -- 
SD-99-22 11/19/1999 Low/Ebb yes . . . . . . . . . . 0.01 -- 
SD-99-23 11/19/1999 Low/Ebb Yes -- . . . . I. . . n-on . . .--. 
SD-99-24 11/19/1999 Low/Ebb .Yes -- . . . . . . . . 0.00 0.3 
SD-99-25 11/18/1$99 Mid/Ebb Yes 9.50 6.90 27,900 17.6 6.80 0.22 8.0 

"1 e 2 of 2 
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Table 3-2 
Sediment Parameter Values 

I. I 

Naval Station Norfolk, Norfolk, Virginia 
1 Total Organic I I 

Sediment Description 

Black organic muck (silt-clay): detritus: moderate sulfide odor; no sheens 
Black oraanic muck (silt-clavl: moderate sulfide odor: no sheens 

Sample Date Carbon (%) 

SD-99-l 2A 11/18/1999 3.69 
SD-99-l 28 11/18/1999 1.80 

II SD-99-l 3 11/18/l 999 0.80 Soft; mixture of muck (silt-clay), sand, and detritus; dark brown; sulfide odor; no sheen 
Black to brown; organic muck (silt-clay); some sand and silt: strong petroleum odor; heavy oil sheen when II 

SD-99-l 4 

SD-99-l 5B 
SD-99-l 6A 

11 /I 6/i 999 

11/18/1999 
11/18/1999 

1.22 

0.41 
0.18 

sediments disturbed 

Bk ~, ~~-- 
Soft; dark brown toblack: silt-clay mudk and sand; very slight sulfide odor; no sheen 

Ick muck (silt-clav): some fine sand: no odors: no sheens II 

II I I I Firm; slate gray; clay mixed with small amounts of sand (transition to clay occurs at 6 to 7 inch mark in core): II 
11 SD-99-l 6B I 11/18/1999 I 0.51 I noodor 

II I I 1 Black to brown; silt-clay, sand, detritus (sticks/leaves), and some gravel (likely pieces of rip-rap); strong II 
SD-99-17 11/18/1999 0.61 
SD-99-l 8A 11/18/1999 0.65 
SD-99-I 88 1 l/18/1999 0.27 
SD-99-l 9 11/19/1999 6.36 

petroleum odor; oily sheen when sediments disturbed 
Coarse sand and small amounts of muck; tan to black; slight sulfide odor; no sheen 
Coarse sand; tan to dark brown/black; minimal organic matter; no odors 
Firm: wet: dense root mat; dark brown; highly organic silty clay; slight sulfide odor 
Firm; saturated; dense root mat; black, highly organic silty clay with shallow layer of brown silt on top; strong 

SD-99-20 11/19/1999 6.02 sulfide odor 
SD-99-21 1 l/19/1999 4.56 Firm; saturated: dense root mat; black: highly organic silty clay; sulfide odor 
SD-99-22 1 l/l 9/l 999 3.48 Firm; saturated; dense root mat; black organic silty clay: strong sulfide odor 
SD-99-23 11/19/l 999 6.21 Firm: saturated; dark brown to black organic silty clay; moderate sulfide odor 
SD-99-24 11/19/1999 3.95 Firm; saturated; dark brown to black organic silty clay; strong sulfide odor 
SD-99-25 1 l/l 8/l 988 0.51 Black muck (silt-clay); some sand; no odors; no sheens 

DRAF’ 
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Table 3-3 
Plant Species Identified During RI Surveys at Camp Allen Landfill and Vicinity 
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II Plant Species Identified During RI Surveys at Camp Allen Landfill and Vicinity II 

Rhus radicans Poison ivy I X I X I X 
Robinia pseudo-acacia 1 Black locust X x 

rose 

, Y”“I\ 

Black willow 
Elderberry 
Sassafras 
Bullbriar 
Common greenbriar 

1 Goldenrod 

A 

X 
X 

I X x _. 
I X 

X X X 
I X 

Sassafras albidum 
Smi/ax bona-nox 
Smilax rofundifolia 
Solidaao spp. 

II A 
Sonchus oleraceus 

II 3ffaruans/um spp. 

I 

Trifokum repens 
Vicia spp. 
Vifis neoesfris 

1 Sowthistle 
Bur-reed 
Sweet white clover 
Vetch 
Sand oraoe 

X 
X 

X X 

X 

Vifis spi. 
Yucca filimentosa 
Zaccharis halimifolia 
From Baker (19941 

” I 

Wild grape 
Yucca 
Groundsel-tree 

I I _. 
I X I X 

X 
1 X 

i 
X 

I 

f--Y 

, ---y 
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Birds 
Agelaius phoeniceus 
Ardea herodius 
t3uteo jamaicensis 

Red-winged blackbird 
Great blue heron 
Red-tailed hawk 

Cardinalis cardinalis 
.._- _-.._- .._..... I I 

I hlnrthcm rardinnl I X I X I x I tl 

mencan crow . _ _ _.. _ _ 
r&I, ‘P. i.wr I V I V I I II , DIUC: ,ay 

1 Gray catbird 
1 American kestrel 

A A 
X 

X X I 

Cyanociffa cristafa 
Dumetella carolinensis 
Faico sparverius 

I fbmmnn vdlnwthrnnt I x I X I I II YY..II,II.I ,“.‘V . . . . a.--. 
Barn swallow 
Yellow-breasted chat 

,. ,. 
X X 

X I 

Geothjypis trichas 
/%-undo rustica 
lcferia virens 
Lauras pa tricilla 
Melospiza melodia 
Mimus polyglotus 

t 
Laughing gull X X 
Song sparrow X 
Northern mockingbird X X X 

II Great crested flycatcher 1 X I I t 

II 
Parus carolinensis Carolina chickadee I X X II 
Passer domesticus House soarrow 

II Passerina cyanea 1 lndino hm-ttino 
Picoides oubescens I Do\ 

‘J- --..--.a * _. 

It ‘~~~ 

tiny woodpecker X 
Piniln wvfhrnnhfhnlr~s 1 Rtrfous-sided towhee X 

nmon arackle I X X X 
.  . ~ . ”  - . ,  . . , .  - r “ * .  ,_._” 

Quiscaius quiscula 
Sturnus vulgar-is 
Thryothrous ludovicianus 
Turdus miaraforius 

.  . I .  

COI -.. il.-.- I 
European starling t X X X 1 
Carolina wren X X 
American robin I X X X I 

II Tyrannus tyrannus 1 Eastern kingbird t 
Zenaidra macroura f Mourning dove X X i 
Zonotrichia albicollis 1 White-throated soarrow I X 

II Mammals 
Didelphis virginianus 

11 Ondatra zibethicus 
Virginia opossum X I 
Muskrat X 
Raccoon X X X 
Grav sauirrel X 

Che/ydra serpen tina 
Chry.semys picta 

1 Common snapping turtle 1 
1 Painted turtle t 

x 
X 
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Scientific Name 
Elaphe obsoleta obsolefa 
Rana catesbeiana 

a From Baker t19941 

Table 3-4 
Wildlife Species Observed in the Site Vicinity 

Naval Sfafion Nodo& /VorMf, Virginia 

Camp Allen Landfill - RI Studiesa 
Common Name Area A Area A Marsh Area B 

Black rat snake X 
Bullfrog X 

1999 

I 
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Table 3-5 
Summary of Benthk Invertebrate Data Collected During RI Surveys at Camp Allen Landfill 

Taxon 
BCOI 

L 1 R 1 

Ceratopogonidae [ 

Chironominae 1 0 

I[ Odonata 
Coenagrionidae 0 1 0 1 0 1 0.00 II 

11 Coleoptera 

Scirtidae 

tt Tubificidae I 

II Tricladida I t t I I I ll_ _. .I. 
II Planariidae I 0 0 0 1 0.00 II 
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Table 3-5 
Summary of Benthic Invertebrate Data Collected During RI Surveys at Camp Allen Landfill 

Naval Station Norfolk, Norfolk, Vjrghia 
BC02 I BC03 I BC04 I BC05 



Table 3-6 
Summary of Available Data and Data Selected for Use in the Ecological Risk Assessment - Bausch Creek 

vocs 

Naval Station Norfolk, Norfolk, Virginia 

Surface Sediment Subsurface Sediment Surface Water 
Pesticides/ Pesticides/ Pesticides/ Dissolved 

svocs PCBs lnorganics vocs svocs PCBs lnorganics vocs svocs PCBs lnorganics Metals 

Camp Allen Landfill Area A 

Camp Allen Salvage Yard and Camp Allen Landfill Area B 

CD Landfill 

13 (1993) 1 13(1993) 1 13(1993) 1 13(1993) 1 8(1993) 1 8(1993) 1 8(1993) 1 8 (1993) 1 8(1993) 1 8(1993) 1 8(1993) 1 8 (1993) 1 8 (1993) 
Bold and italics - data selected for quantitative use in the ERA 
Shaded cells * data have not been validated 
1991 - Interim Remedial Investigation (April) - CAL 
1992 - Remedial Investigation (3 rounds: April - June and December) - CAL 
1993 - Remedial Investigation (August) - CD 
1996 - Catch basin sampling (August) - CASY 
1997 - Bausch Creek SERA (February-March) - CAL and CASY 
1998 - Pond sampling (December) - CASY 
1999 - Catch basin sampling (June) - CASY 
1999 - Bausch Creek BERA (November) - CAL 
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Table 3-7 
Summary Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

lies (UGIL) 
lrn 

Maximum Standard 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 

Range Detection Detected Concentration Mean’ Mean 

] 6.00 - 6.00 1 21 I 24 1 6,600 ! NNB-BCM-SW97-06L I i.i7n 1 17m Aluminu,,, 
Antimony I dan.4.nn I 1124 1 7.40 I NNB-BCM-SW97-06L 
Arcanin n,a=, IlkI 

Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 
Dissolved Metals (UGIL) 
Aluminum 
Antimony 
Arsenic 

. . . . . . . . . , -. 

4.00 - 4.00 16 I 24 61.6 NNB-BCM-SW97-03L 12.6 :,.v 
1.00 - 1.00 24 I 24 147 NNB-BCM-SW97-15L 51.6 29.9 
1.00 - 1.00 5 I 24 1.70 NNB-BCM-SW97-15L 0.76 0.36 
1.00 - 1.00 5 I 24 2.50 NNB-BCM-SW97-15L 0.80 0.61 
48.0 - 48.0 24 I 24 154,000 ’ NNB-BCM-SW97-01 L 83,242 22,497 
2.00 - 2.00 16 I 24 25.9 NNB-BCM-SW97-03L 6.55 7.26 
1.00 - 1.00 20 I 24 5.90 NNB-BCM-SW97-15L 1.78 1.24 
2.00 - 2.00 24 I 24 64.9 NNB-BCM-SW97-15L 33.5 13.7 

-~- 7.00 - 7.00 .Ol24 -- . . 3.50 0.0 
18.0 - 18.0 24 I 24 17,600 NNB-BCM-SW97-15L 4,935 4,303 
2.00 - 2.00 22 I 24 127 NNB-BCM-SW97-15L 19,4 27.0 
51.0 - 51.0 24 I 24 393,000 NNB-BCM-SW97-01 L 57,171 96,026 
1.00 - 1.00 24 I 24 412 NNB-BCM-SW97-06H 258 87.4 
0.20 - 0.20 3 I 24 1.70 NNB-BCM-SW97-07L 0.24 0.41 
3.00 - 3.00 18 124 41.8 NNB-BCM-SW97-03L 12.2 10.0 
47.0 - 47.0 24 I 24 276,000 I NNB-BCM-SW97-01 L 33,926 67,167 
5.00 - 5.00 0 124 ." *. 2.50 0.0 
2.00 - 2.00 0 124 . . . . 1 .oo 0,o 
68.0 - 100 24 124 4,050,000 NNB-BCM-SW97-01 L 430,804 1,006,081 
10.0 - 10.0 0 I24 . . . . 5.00 0.0 
1.00 - 1.00 19 124 107 NNB-BCM-SW97-15L 8.40 21.5 
2.00 - 2.00 24 I24 572 NNB-BCM-SW97-15L 98.6 112 

6.00 - 6.00 17 I 24 1,200 NNB-BCM-SW97-05H 176 244 
4.00 - 4.00 4 I 23 5,40 NNB-BCM-SW97-03L 2.48 1.08 
4.00 - 4.00 11 124 32.3 NNB-BCM-SW97-03L 6.89 7.74 

DRAFT 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 1 of 7 



Table 3-7 
Summary Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

Maximum Standard 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 

Range Detection Detected Concentration Mean’ Mean 1 

11 Barium 1 1.00-1.00 1 23124 1 92.1 I NNB-BCM-SW97-13L ! 

1.00 - 1.00 6 I24 2.00 NNB-BCM-SW97-01 L 0.82 0.49 
Copper 2.00 - 2.00 23 I24 78.2 NNB-BCM-SW97-08H 39.2 17.2 
Iron 18.0 - 18.0 24 I24 4,180 NNB-BCM-SW97-13L 1,231 1,315 
Lead 2.00 - 2,oo 19 124 26.7 NNB-BCM-SW97-03L 3.75 5.02 

I Magnesium Manganese 
11 Mercury 

Nickel 
Potassium 
Selenium 

1 1 51.0-51.0 i.OO-I,00 1 1 24124 24124 1 1 400,000 356 I NNB-BCM-SW97-08H NNB-BCM-SW97-01 L I’ I 55,988 224 97,683 77.5 
1 0.20 - 0.20 1 7124 1 9.30 ! NNB-BCM-SW97-08H ! 0.77 1.89 

3.00 - 3,OO' 7 124 23.1 NNB-BCM-SW97-12L 3.42 4.45 

47.0 - 47.0 24 124 282,000 NNB-BCM-SW97-OIL 32,782 69,675 
5.orl - .5.00 . . . - - - . 0 I24 . . . . - -. t I 

2.50 -.-. I 
on ".. 

I 2.00 - 2.00 I O/24 1 . . I . . I 1 .oo I 0.0 II Silver 
- - Sodium I n8.n - .-.- Inn . . . I 74 1 74 -. . -. I 4 3713 nnn , - . , . . . I NNB-BCM-SW97-01 L 447,896 1,093,009 

Thallium I 10.0 - 10.0 I O/24 1 . . I I. 
1.00 

5.00 0.0 
Vanadium - 1.00 11 124 5.40 NNB-BCM-SW97-03L 1.10 1.10 
Zinc 2.00 - 2.00 18 I24 106 NNB-BCM-SW97-06H 34.6 26.9 -- 
PesticidelPolychlorinated Biphenyls (UGIL) 

11 4,4’-DDD 1 0.10 - 0.10 I 1124 1 0.085 1 NNB-BCM-SW97-05L 1 
II 4.4'.DDE I 0.10 - 0.10 I 0 I24 I -- I . . 

II .” -- 4.4’.DDT 
_ ” _ _ _ -. I I . ..“. 

I 0.10 - 0.10 I 0124 1 . . I I. I 0.050 I 0:; II 
Aldrin 0.05 - 0.05 0 I24 . . . . 0.025 0.0 

Aroclor-1016 1.00 - 1.00 0 I24 . . . . 0.50 0.0 

Aroclor-1221 2.00 - 2.00 0 124 . . . . 1.00 0.0 
Aroclor-I 232 1.00 - 1.00 0 124 . . .I 0.50 0.0 

1 Aroclor-I 242 1 I.00 - 1.00 1 0124 1 . . I . . I 0.50 I ---- 0.0 5111 
DRAFT 

1 - Or- &\lf of the reporting limit was used for non-detected samples when calculating the ” ~1. ‘ye 2 of 7 
I .I ,I 



Table 3-7 
Summary Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

Maximum 

Reporting Limit Frequency of Concentration 
Range Detection Detected 

Sample ID of Maximum 
Concentration 

Standard 
Arithmetic Deviation of 

Mean’ Mean 1 

II Aroclor-1254 Aroclor-I 248 1 I 1.00 1.00 - - I,00 1.00 1 I 0124 0124 1 1 -- -- I -, -I I 0,50 0.50 I 0.0 0.0 II 
Aroclor-I 260 1.00 - 1.00 0 I 24 .- . . 0.50 0.0 
Dieldrin 0.10 - 0.10 0 I 24 .” -. ,,0.050 0.0 
Endosulfan I 0.05 - 0.05 0 t 24 .I I. 0.025 0.0 
Endosulfan II 0.10 - 0.10 O/24 . . -. 0.050 o*o 
Endosulfan sulfate 0.10 - 0.10 0 I 24 I. . . 0.050 0.0 
Endrin 0.10 - 0.10 0 I 24 .- “_ 0.050 0.0 
Endrin aldehyde 0.10 - 0.10 0 I 24 .- -- 0.050 0.0 
Endrin ketone 0.10 - 0.10 0 I 24 .- *. 0.050 0.0 

II Heptachlor Heotachlor eooxide 1 I 0.05 0.05 - - 0.05 0.05 1 I 0124 0124 1 1 .- . . I -. I. I 0.025 0.025 1 I 0.0 0.0 

Methoxychio; 
,. - 

0.50 . - - 0.50 _ _ - 0 ; 24 -- . . 0.25 0.0 
Toxaphene 5.00 - 5.00 0 I 24 . . -1 2.50 0.0 
alpha-BHC 0.05 - 0.05 2 I 24 0.064 NNB-BCM-SW97-13H 0.028 0.011 

alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gammaGhlordane 
Semivolatile Organic Compounds (UGIL) 
1,2,4-Trichlorobenzene 
I .2-Dichlorobenzene 

0.05 - 0.05 0 I 24 . . 1. 0.025 0.0 
0.05 - 0.05 1 I24 0.012 NNB-BCM-SW97-I 3L 0.024 0.003 
0.05 - 0.05 2 I 24 0.071 NNB-BCM-SW97-13L 0,029 0.012 

0.05 - 0.05 2 t 24 0.015 NNB-BCM-SW97-13H 0.024 0.003 

0.05 - 0.05 0 I 24 -. . . 0.025 0.0 

1 2.00 " 2.00 1 O/24 1 .I I .* I 1 .oo I 0.0 
1 2.00 - 2.00 1 ' 0 I24 I -- I. 1 .oo 0.0 

DRAFT 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 7 
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c 
, 

Chemical 

2.4.Dimethvlohenol 

Table 3-7 
Summary Statistics - Surface Water 

Naval Station Norfolk. Norfolk. Virainia 

Maximum 

Reporting Limit Frequency of Concentration 

Range Detection Detected 

1.00 - 1.00 0 I 24 . . 

ti 

Staridard 
Sample ID of Maximum Arithmetic Deviation of 

Concentration Mean’ Mean 
. . win ml 

II ’ -~“‘-- 3 d.lYnitrnnhnnnl 
_. _. _ -. I I “.“” I “.” 

I im.~nn I 0134 1 . . I . . I n R-l I I-In II 
It ;:a.;;;;;;;;;;;;;;; 

II 

“-I - . . . _. . . . - ” . , ” 

2,6-Dinitrotoluene 

2-Chloronaphthalene 2-Chlorophenol 
2-Methylnaphthalene 

I[ 2-Methylphenol 

I 2-Nitroaniline P-Nitrophen ’ 

..“V I,“” Y r WI V.“” “I” 

I l.nn . ton I 0194 I . . . . . ..” . ..” . I. 0.50 0.0 
1 1.00 - 1.00 1 0124 1 . . . . I 0.50 0.0 

1 .oo 0.0 

2.00 - 2.00 0 I 24 . . 

I” 
-‘- 2.00 - 2.00 0 I 24 . . . . 1.00 0.0 

2.00 - 2.00 0 I 24 . . . . 1 .oo 0.0 
1 1.00 - 1.00 1 0124 1 . . . . 0.50 0.0 

1 0.80 - 0.80 1 I 0124 ^'z?4 1 1 

! 

1. . . I . . . . 0.40 0.50 0.0 0.0 

It 33’.Dichlorobenzidine 3-Nitroaniline 
~-. 

I 2.00 2.00 - - 2.00 2.00 I 0124 0 I7 1 I . . . . I . . . . I 14n 1 .oo I nn 0.0 II 

4,6-Dimtro-2:methylphenol 0.50 - 0.50 0 ; 24 . . . . 0.25 . ..1 0:; 

4-Bromophenyl-phenylether 2.00 - 2.00 0 I24 . . . . 1 .oo 0.0 

4-Chloro-3-methylphenol 10.0 - 10.0 0 I24 . . . . 5.00 0.0 

4-Chloroaniline 2.00 - 2.00 0 I 15 . . . . I .oo 0.0 
11 4-Chlorophenyl-phenylether 1 2.00 - 2.00 1 O/24 1 . . 1 . . ! 1 ,oo ! - ----~I 0.0 I 

It-Methylphenol 1.00 - 1.00 0 I24 . . . . 0.50 0.0 
4-Nitroaniline 25.0 - 25.0 0 I24 . . 1. 12.5 0.0 
4-Nitroohenol 0.30 - 0.30 0 I 24 . . . . 0.x nn 

iI 
“. .” ".I 

Acenaphthene 2.00 - 2.00 I24 . . . . 1 .oo 0.0 

Acenaphthylene 2.00 - 2.00 0 I24 . . . . 1.00 0,o . 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Dnn-n’h\fll mrnnthnm 

2.00 - 2.00 0 124 . . . . 1 .oo 0.0 

2.00 - 2.00 0 I24 . . . . 1 #OO 0.0 
2.00 - 2.00 0 124 . . . . 1 .oo 0.0 
7nn . 7nn n I ?” * ml-7 nn 

UC4 K”,” 3 . . . . I .ull 
Benzo(g,h,i)perylene 1 1.00 - I,00 1 0 I24 .- . . 0.50 i:II 

Benzo(k)fluoranthene 1 2.00 - 2.00 1 0 I24 . . . . 1 .oo 0.0 
1 Butylbenzylphthalate 1 2.00 - 2.00 1 0124 1 ". I . . I- 1.00 I 0.0 

IAFT 
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Table 3-7 

Summary Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

I I I 
Maximum Standard 

Rnnnrtinn I hit Frnn~mnmr nf Concentration Samole ID of Maximum Arithmetic Deviation of 

Chemical 
m .“#.I”, ..mn$J -.I.... . *“.l.v”‘.“J “1 

Range Detection Detected koncentration Mean’ Mean 

1 ,I ,2,2-Tetrachloroethane 1.00 - 1.00 0 I 24 . . . . 0.50 0.0 
1 ,I ,2-Trichloroethane 1.00 - 1.00 0 I 24 . . . . 0.50 0.0 
1 ,l -Dichloroethane 1.00 - 1.00 1 I 24 1 .oo NNB-BCM-SW97-12L 0.52 0,lO 
1 ,I -Dichloroethene 1.00 - 1.00 1 I 24 0.60 NNB-BCM-SW97-12L 0.50 0.02 
1,2-Dibromo-3.chloropropane 1.00 - 1.00 0 I 24 . . . . 0.50 0.0 
1.2.Dibromoathane 1.00 - 1.00 0 I24 . . . . 0.50 0.0 - ,- .-. “...” - . .-...” 

3 I 24 
I 

I ,BDichloroethane 1.00 - 1.00 2.00 NNB-BCM-SW97-12L 0.60 0.32 
1,2Dichloropropane 1.00 - 1.00 0 I 24 . . . . 0.50 0.0 
2.Butanone 5.00 - 5.00 1 I 24 0.50 NNB-BCM-SW97-04H 2.42 0.41 

II 2-Hexanone 1 5.00 - 5.00 1 0124 1 . . ! . . ! 2.50 ! 0.0 II 
II 4.Methvl-2.oentanone I 5.00 - 5.00 I 0 I24 I -- I . . I 2.50 I 0.0 II . . . ” . ,. - r”..-- ..“..” “. _ ” - _ _ I I I I 

ketone I 1.00-2.00 I 24124 I 7.00 I NNB-BCM-SW97-04L I 2% 1 1.14 --- 11 

1 IJJO - 1.00 1 0124 1 .c 1 . . 1 0.50 ! 0.0 II 

NNB-BCM-SW97-06L ! 1.13 ! 0.56 II 
1.00 1.00 2.00 0.58 --- - Tetrachloroethene - 2 I24 NNB-BCM-SW97-12L 0.32 

Toluene 1.00 - 1.00 0 I24 “. . . , 0.50 0.0 

DR 
Or If of the reporting limit was used for non-detected samples when calculating the - 7 . 
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Table 3-7 
Summary Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

I 1 Maximum Standard 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 

DRAFT 
Page 7 of 7 





Table 3-8 
Summary Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

Maximum 1 Standard 11 
I Reporting Limit I Frequency of I Concentration I Sample ID of Maximum Arithmetic I Deviation ofI1 

Chemical Ranae Detection Detected Concentration Mean’ Mean 

Aldrin 1.64 - 12.0 2 I 37 0.86 NNB-BCM-SD97-03 1.96 1.44 
II Aroclor-1016 1 32.8 - 230 ! o/37 1 “_ 1 .- 39.0 28.3 
II Aroclor-I 221 I 65.7 - 460 I 0 / 37 I -- I I. I 787 !i66 

. ..-“.r, .-_ 

_-., .__ 
- 

.-- . -1- Aroclor-I 232 32.8 - 230 0 I 37 .- -. 39.0 &ii 
Aroclor-I 242 32.8 - 230 0 I 37 .- . . 39.0 28.3 
Aroclor-I 248 32.8 - 230 0 I 37 -- .I 39.0 28.3 
Aroclor-I 254 32.8 - 230 0 I 37 *- .- 39.0 28.3 
Aroclor-1260 32.8 - 230 13 I 37 540 NNB-BCM-SD-99-07 73.8 95.8 
Dieldrin 3.28 - 23.0 1 I 37 6.90 NNB-BCM-SD-99-19 3.79 2.62 
Endosulfan I 1.64 - 12.0 0 I 37 . . .- 1.97 1.44 
Endosulfan II 3.28 - 23.0 0 I37 -- ." 3.90 2.83 
Endosulfan sulfate 3.28 - 23.0 0 I 37 -- . . 3.90 2.83 
Endrin 2.10 - 23.0 0 137 ** -- 3.87 2.85 
Endrin aldehyde 3.28 - 23.0 0 I 37 . . I. 3.90 2.83 
Endrin ketone 3.28 - 23.0 0 137 -- _- 3.90 2.83 
Heptachlor 1.64 : - 12.0 1 I37 10.0 NNB-BCM-SD-99-02 2.18 1.96 

35.0 t ~~- NNB-BCI vl-SD-99-07 2.70 5.59 I/. Heptachlor epoxide 
II Methoxvchlor 

1 1.64 - 12.0 1 IO/37 1 
I 16.4 - 120 I i/37 I 7.80 I NNR-WM.SD-R&I:! ! 19.2 1 ii; 1 I ~._ . ” I. ., ” _ I I -/ 

-‘-- 
I . . .- --... -- “_ -_ 

I 164 - 1.200 1 1 / 37 I 170 I NNB-BCM-SD97-03 I oxapnene 
alpha-BHC 
alphaChlordane 

II beta-BHC 
II delta-BHC 

1 199 142 
1 1.64 - 12.0 I 3137 I 1.70 I NNB-BCM-SD97-08 1.97 1.45 
1 1.64 - 31.0 9137 I 200 NNB-BCM-SD-99-09 7.47 32.6 
1 1.64 - 12.0 5137 I 1.40 NNB-BCM-Sb97-12 I .94 I .47 
1 

! 
1.64 - 12.0 1 3137 I 

1 
8.80 I NNB-RCM-SD-9R-OS I 2.13 1.79 

It --- -- - 
_ “. -.-- I . . - - _... -- -- _- I 

nnmma-RHC II inriann\ i IRA - 17l-l I i/Tic I 1 7l-l I NNR.Rchn.SnQ7.1? I .“......- _,.” \-*.,..-* .- 

gamma-Chlordane 
Semivolatile Organic Compounds (UG/KG) 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 

I 
..“. .m.” 

I 
.,“.A , t **I 

I 
I ,,.I L”4.I “WY, I” 

I 
1.96 I 1.45 

1 1.64 - 31,O 1 14137 I 250 I NNB-BCM-SD-99-09 I 8.78 40.8 

42.0 - 2,200 0 I 32 . . .- 285 294 
55.0 - 2,200 0 I 32 .- . . 287 292 

-i u 1 ,SDichlorobenzene 1 52.0 - 2,200 1 0132 1 -v I 
~~..~ 

.- I 287 292 

DRAFT 
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Table 3-8 
Summary Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virghia 

Chemical 
1,4-Dichlorobenzene 
2,2’-Oxybis( 1 -chloropropane) 
2,4,$TrichlorophenoI 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,6Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6Dinitrotoluene 
2Chloronaphthalene 
2Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methylphenol 
4Chloroaniline 
4-Chlorophenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Maximum 

Reporting Limit Frequency of Concentration 
Range Detection ’ Detected 

53.0 - 2,200 0 I 32 c. 
64.0 - 2,200 0 I 32 . . 
75.0 - 6,000 0 i 35 . . 
45.0 - 2,400 0 I 35 .” 
330 - 2,400 0 I 35 . . 
55.0 - 2,400 0 I 35 . . 
48.0 - 6,000 0 I 35 . . 
40.0 - 2,200 0 I 32 . . 
62.0 - 2,200 0 I 32 . . 
73.0 - 2,200 0 I 32 . . 
59.0 - 2,400 0 I 35 . . 
48.0 - 2,200 1 I32 94.0 
63.0 - 2,400 0 13.5 . . 
81.0 - 5,600 0 I 32 . . 
68.0 - 2,400 0 I35 . . 
49.0 - 2,200 0 I 32 -. 
70.0 - 5,600 0 I 25 . . 
49.0 - 6,000 0 I 35 . . 
46.0 - 2,200 0 I 32 . . 
330 - 2,400 0 I 35 . . 
47.0 - 2,200 0 I 30 . . 
50.0 - 2,200 0 I32 . . 
48.0 - 2,400 I 134 73.0 
790 - 5,600 0 I 32 . . 
57.0 - 6,000 0 135 . . 
27.0 - 2,200 4 I32 170 
28.0 - 2,200 1 I32 89.0 
27.0 - 2,200 3 I 32 210 
24.0 - 2,200 15 I 36 700 

Sample ID of Maximum 
Concentration 

. . 
7.. 
I. 
. . 
. . 
. . 
. . 
. . 
. . 
. . 
. . 

NNB-BCM-SD-99.15A 
I. 
. . 
. . 
. . 
. . 
. . 
1. 
. . 
. . 
. . 

NNB-BCM-SD-99-I 5A 
. . 
. . 

NNB-BCM-SD97-13 
NNB-BCM-SD97-08 
NNB-BCM-SD97-08 
NNB-BCM-SD97-08 

Standard 
Arithmetic Deviation o 

Mean’ Mean 

287 292 
289 290 
814 850 
339 342 
388 300 
341 341 
810 854 
284 294 
289 291 
291 289 
342 340 
280 295 
343 340 
679 722 
343 339 
286 293 
857 723 
810 854 
286 293 
388 300 
303 295 
286 293 
315 330 
814 613 
811 852 
289 289 
289 290 
281 293 
289 289 

DRAFT 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 6 



Table 3-8 
Summary Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Wrginia 

nical 

Maximum Standard 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 
.a 

Range Detection Detected t Chen Zoncentration Mean’ Mean 

Benzo(a)pvrene 1 32.0-2.200 1 14136 1 450 I NNB-BCM-SD-99-04 281 275 
Benzolbli 16 t 990 NNB-BCM-SD-99-04 320 348 _ .-..- 

--.- 
_,__ 

- 

If -..- 

-. ‘luoranthene 

Benzo(g,h,i)perylene ,.. , 

18,O - 

2,200 2,200 

23 ; ; 

23.0 - 9133 1 130 NNB-BCM-SD-99-03 I 250 292 
Benzo(k)fluoranthene 32.0 - 2,200 14 I36 560 NNB-BCM-SD97-08 285 276 
Butylbenzylphthalate 47.0 - 2,200 1 I32 99.0 NNB-BCM-SD-99-01 273 293 
Carbazole 160 - 2,200 1 132 280 NNB-BCM-SD97-08 342 248 
Chrysene 25.0 - 2,200 17 I36 930 NNB-BCM-SD97-08 313 313 
Di-n-b& phthalate 
Di-n-octylphthalate ..I._.. 

Dibenz(a,h)a .nthracene 
Dihenznfuran 

1 61.0 - 2,200 1 IO I 36 1 830 NNB-BCM-SD-99-22 270 305 
I 

! I 
51.0 - 2.200 -... -,-__ I 3132 1 

I 

5;32 I 
220 NNB-BCM-SD-99-I 1 283 291 

I 50.0 - 2.200 I 110 NNB-BCM-SD-99-04 268 297 
I 51.0 - 2:200 I I/32 t 75.0 NNB-BCM-SD-99-I 5A 280 295 

414 675 
II 

.- -. .- -.-. 

Diethylphthalate - -. 

- .- _,-__ -- -.- I 

1 53.0 - 2,200 1 5134 1 3,700 ! NNB-BCM-SD-99-22 ! ‘I 
Dimethyl phthalate 52.0 - 2,200 O/32 . . . . 287 292 
Fluoranthene 26.0 - 9,300 27 I 37 2,200 NNB-BCM-SD97-08 477 585 
Fluorene 26.0 - 2,200 '2132 78.0 NNB-BCM-SD97-08 289 290 
Hexachlorobenzene 80.0 - 2,200 0 I32 I. . . 292 288 
Hexachlorobutadiene pj 62.0 - 2.200 0 I32 . . . . 289 291 
Hexachlorocyclopentadiene 42.0 - 2,200 0 I32 -1 . . 285 294 
Hexachloroethane 53.0 - 2,200 0 I 32 1. . . 287 292 
Indeno(l.2.3-cdmvrene 27.0 - 2.200 11 I35 350 NNB-BCM-SD-99-22 263 280 
lsophorone 53.0 - 2,400 0 I35 . . 1. 341 341 
Naphthalene 51.0 - 2,200 1 I32 74.0 NNB-BCM-SD-99.15A 280 295 
Nitrnhnnzena 75.0 - 2.200 n I 32 . . . . 291 289 

15 I . . I . . I 808 I 856 11 
Pentachlorophenol 37.0 - 6,000 0 19. 

___ 
--- Phenanthrene 29.0 - 2,200 16 I36 1,200 NNB-BCM-SD97-08 282 315 

Phenol 51.0 - 2,400 1 I35 92.0 NNB-BCM-SD-99-11 333 344 
Pyrene 32.0 - 9,300 26 136 2,100 NNB-BCM-SD97-08 426 517 
bis(2-Chloroethoxy)methane 44.0 - 2,200 0 I32 . . . . 285 294 
bisf2-Chloroethvhether 60.0 - 2.200 0 I32 . . c. 288 291 

DRAFT 
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Table 3-8 
Summary Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

I I 
Maximum Standard 

Dsnnrtinn I kit lZran,sanr\r nf Concentration Sample ID of Maximum Arithmetic Deviatian of 

Chemical 

bis(BEthylhexyl)phthalate 
n-Nitroso-di-n-propylamine 

n-Nitrosodiphenylaminr 
Volatile Organic Cornpuuliua \UUIWUJ 

--..-..-.. -. 
rwp”Iwly LIIIII5 I lsyurllvy “I 

__.. - _._..._.. -_. 

Range Detection Detected Concentration Mean’ Mean 

25.0 - 9,300 35 I 37 7,200 NNB-BCM-SD-99-07 787 1,306 
120 - 2,200 0 I 32 . . . . 2Y %I1 

AEA _ ~%lfl n I 123 . . . . 
I --J” I liVl 

F , -w.” - L,L”” , “IVL , I I 285 I 294 ..^..m-I^ II It-,“t-\ 
I loo I .? IlA 1 ,I ,l -Trichloroethane 13.0 - 35.0 0 I 12 . . . . .” “.” . 

1 ,I ,2,2-Tetrachloroethane 13.0 - 35.0 0 I 12 . . . . 10.0 3.34 
1 ,I ,BTrichloroethane 13.0 - 35.0 0 I 12 . . . . 10n ‘2 ?A 

1 ,I -Dichloroethane 13.0 - 35.0 0 I 11 . . . . I 0J.L I J,V” 
1 ,I-Dichloroethene 13.0 - 35.0 0 I 11 . . . . II?‘, 9 nn II 

,.L “s-r” 

10.0 3.34 
ICM-SD97-12 102 .? 15 

1 ,PDichloroethane 13.0 - 35.0 0 I 12 . . . . 
1 ,PDichloroethene (total) 10.0 - 35.0 2 I 12 10.0 NNB-E 
1 ,PDichloropropane 13.0 - 35.0 0 I 12 . . . . 10.0 3.34 
2-Butanone 10.0 - 35.0 7 I 12 71 .o NNB-BCM-SD97-01 30.6 26.4 
2.Hexanone 13.0 - 35.0 0 I 12 . . . . 10.0 3.34 
4-Methyl-Ppentanone 13.0 - 35.0 0 I 12 . . . . 10.0 3.34 
Acetone 8.00 - 15.0 IO I 11 460 NNB-BCM-SD97-05 132 140 
Benzene 13.0 - 35.0 0 I 12 . . .I IOn 9 ?A 

I J.” I V.V-7 

13.0 - 35.0 I 0112 1 . . I . . I 10.0 3;34 iI 
J.” “.“-r 

10.2 3.57 
ICM-SD97-05 15.3 15.7 

,_-- --- I _ ,._ I 

13.0 - 35.0 0 I 12 . . . . I 
13.0 - 35.0 0 I 10 . . . . 
10.0 - 35.0 2 I IO 59.0 NNB-E 
13,o - 35.0 0 I 12 .” . . I 
13.0 - 35.0 0 112 .- I. 

13.0 - 35.0 I 0112 I . . I -1 I 

Ifin I P Q/l II 

ion I 9 ‘?A iI 
J.” “.“7 

.-.- -..- I I I 
10.0 3.34 

13.0 - 35.0 I 0;;o 1 . . 1 . . 10.6 3.40 
10.0 I 3.34 11 - 

Bromodichloromethane 
Bromoform 
Bromomethane 

Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 

Chloroethane 

Chloroform 
Chloromethane 13.0 - 35.0 0 I 11 . . . . 10.2 3.40 
Dibromochloromethane 13.0 - 35.0 0 I 12 . . . . 10.0 3.34 
Ethylbenzene 13.0 - 35.0 0112 . . -3 10.0 3.34 
Methylene chloride IO,0 - 15.0 11 I 11 210 NNB-BCM-SD97-04 59.3 72.9 

DRAFT 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 5 of 6 



Table 3-8 
Summary Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

Styrene 
Tetrachloroethene 
Toluene 
Trichloroethene 
Vinyl chloride 
Xylene, total 
cis-I ,3-Dichloropropene 
trans-I ,3-Dichloropropene 
Other Parameters 
Total organic carbon (MGIKG) 
PH 

Maximum Standard 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 

Ranae Detection Detected Concentration Mean’ Mean 

13.0 - 35.0 0 I 12 -. .- 10.0 3.34 
13.0 - 35.0 0 I 12 r- I. 10.0 3.34 
13.0 - 35.0 0 1 12 -. .- 10.0 3.34 
13.0 - 35.0 0 I 12 -. . . 10.0 3.34 
10.0 - 35.0 2 I 10 32.0 NNB-BCM-SD97-09 12.5 7.75 
13.0 - 35.0 0 I 12 *. . . 10.0 3.34 
13.0 - 35.0 0 I 12 -- . . 10.0 3.34 
13.0 - 35.0 0 I 12 .- . . 10.0 3.34 

123 - 9,320 1 25 I 25 63,600 NNB-BCM-SD-99-19 1 26,884 19,595 
0.01 - 0.01 1 25 I 25 8.19 NNB-BCM-SD-99-07 I 7.34 0.36 

1 - On- %lf of the reporting limit was used for non-detected samples when calculating the ,-+ ~0, 
6 I) ,,’ 
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Table 3-9 
Summary Statistics - Subsurface Sediment 

Naval Station Norfolk, Norfolk, Virainia 

Chemical 

lnorganics (MGIKG) 

Maximum Standard 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Deviation of 

Range Detection Detected Concentration Mean’ Mean 

i AIA I I hlhlR-RPhA-Cn-aa-ir)R A R?G 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
DRAFT 
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Table 3-9 
Summary Statistics - Subsurface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

Maximum 

Reporting Limit Frequency of Concentration 
Ranna Detection Detected 

o/4 -- 

Sample ID of Maximum 
Concentration 

-. 

Standard 
Arithmetic Deviation of 

Mean’ Mean 

246 39.2 

Chemical * .U*.g’ 
1,4Dichlorobenzene 420 - 570 
2,2’-Oxybis( 1 -chloropropane) 420 - 570 014 .* -v 246 39.2 
2,4,5-Trichlorophenol 1,000 * 1,400 o/4 -. "I 613 103 

I 2,4,6-Trichlorophenol . A7n . I;7n . l)lA I -- I __ 246 m 39.2 m 
1 

a-” “.” 
I 

“I. 
I I I 

- ._ 
I 

i 420 . 570 I o/4 I 
__ 

I 
.c 

I 246 I 39.2 II 

II 
2,4-Dichlorophenol I .-- -- - I - t 
2.4.Dimethvlohenol I Am _ 67n I nlA I .- I I. I 246 I 39.2 11 7-v YS” “I I - .- 

1,000 - 1,400 o/4 I. .- 613 iii 
A%? _ K7i-l 17 IA __ .” 3Afi !w 7 I 

11 2,4-Dinitrophenol 
2,GDinitrotoluens 
2,6-Dinitrotoluene 
2Ghloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
P-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3.?‘-ni~hlnrnhnn7irinn 

, -Y,“,I,“I”YVIILI”~IIU 

Uitrnanilina 

, 76” VI” I I I I - 9” 1 -...- 

I Am - f;7n 1 I-” “I” I ;;A i . . I -3 “I. I 246 - ._ I 39.2 II __- 

1 - .- I. I 420 .-- 570 -.- o/4 246 39.2 

1 420 - 570 o/4 -. .- 246 39.2 

420 - 570 014 -1 . . 24b: 3Y.Z 

1,000 - 1,400 o/4 -- I. 613 103 
I A7n - 57n I O/A I -- I -w I 246 I 39.2 I 

1 420 - 570 1 o/4 1 w. ! .- I 246 I 39.2 I .__ --_ 1 _ . I ^ ,^ A.. . 1 I 

I .W” -. 1 I -. 

I I I - _ 

1 
I 

420 - 570 I 
I 

014 _ I .I I .- I 246 I 39.2 II 
I I nnn . I Ann I nlA I . . I . . I 613 I 103 II 

‘I”“” v, a”” “I 2 
I I I 

-.- 
I 

.-- I 1.ooo - 1.400 I o/4 I . . I .I I 613 1 103 11 , , - / - ) - - 
1 420 - 570 I 

_,. I 
o/4 1 ..- 1' ** ! 246 ! 39.2 II 

I 42-l - 570 I t-l/L I -- I -- I 246 I 39.2 II 
, -7-v “IV I I I I - .” I ““._ 

1 420 - 570 ! ii4 1 .- ! .- 246 ! 39.2 II 

4,6-DinitroP-methylphenol 
4-Bromophenyl-phenylether 
4-Ch1oro-3-~nthvlnhnnnl 

4.Chloroanil 
4.Chlorophenl 
4-Methylphenol 
4-Nitroaniline 

..-.., ~ .p .,-. ,-. 
ine 

/I-phenylether 
1 420 - 570 I 014 1 ". I 1. I 246 I 39.2 11 
1 1,000 - 1,400 1 o/4 1 .- 1 .- ! 613 I.103 II 

II It-Nitrophenol I innn-i~dnn I 014 I .- I .* I 613 I 103 ll 
Acenanhthene .,““” ., . ..w - 

.- 

420 - 570 o;d -1 I. 246 39.2 
ie 420 - 570 o/4 __ I_ 246 39.2 Acenaphthyler 

Anthracene 1 420 - 570 I o/4 1 .- I .I I 246 I 39.2 
Benzo(a)anthracene 1 420 . 570 J 214 1 74.0 1 NNB-BCM-SD-99-12B 1 154 I 

11 
109 y U 

DRAFT 
1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. Page 3 of 5 
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II Table 3-9 
Summary Statistics - Subsurface Sediment II 

Naval Station Norfolk, Norfolk, Virginia 

Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum 
tion 

Standard 
Arithmetic Deviation of 

Mean’ Mean --- -.-. -..... -.-.-.- 
IIfa)avrene 
I Chemical Ranse Detect& Detected Concentra 

420 - 570 2 I4 64.0 NNB-BCM-SD-99-12B 150 113 
BenZo(b\fllaranthene 420 - - ..--.-. .,.. -..- I .-- 570 -. ” 

I 2 I4 I 

;;i I 
240 - .” I NNB-BCM-SD-99”12B ..- _... _- “” ._- - 213 66.4 

Benzo(b, , ,, , l.h.i)oervlene I 420 - 570 I 58.0 I NNB-BCM-SD-99-12B 150 113 
Benzo(k)fluoranthene 420 - 570 0 I4 “” “. 246 39.2 
Butvlbenzvlohthalate 420 - 570 ot4 .- -v 246 39.2 - . I -. .- 

Cam 
. “. -. ” I I I 

o/4 I 
I I I 

:arbazole t 420 - 570 I .I I _” I 246 1 --.- 11 39.2 
Chrysene 1 420 - 570 214 1 84.0 I NNB-BCM-SD-99-15B 1 163 97.8 
Di-n-butylphthalate 1 - . “. _. _ ” 

I 420 570 I I 214 1 I 

o/4 I 
91.0 . . 

I NNB-BCM-SD-99-128 I I 147 76.7 
Di-n-octylpl ithalate 1 420 - 570 I .- I 3. I 246 39.2 
Dibenz(a,h)anthracene 420 - 570 Of4 . . .” 246 39.2 
Dibenzofuran 420 - 570 0 I4 -. .- 246 39.2 _-.. 

1 ! 1 1 1 278’ 1 ~~~ Diethylphthalate 420 - 570 l/4 410 NNB-BCM-SD-99-128 93.1 II 
Dimethvl nhthalate I 420 - !i70 1 o/4 I -- I . . I 24fi 1 R9.7 II 

It 
I . . . . - . . . . p., . . .-.-- - I .-- -. ” 1 I 

iid I 
I I I 

Fluoranthene 1 420 - 570 1 160 I NNB-BCM-SD-99.12B I ;9(; I ;;:; iI _ 
Fluorene 1 420 - 570 014 -1 .” 246 39.2 
Hexachlorobenzene 1 420 - 570 o/4 "" .- 246 39.2 -I 

I Hexachlorobutadiene . Hexachlorncvclonantndiene .“.. - “..._. ---.. - “..” 014 014 - 246 746 .- 

_-.- 

420 420 - - 570 ,570 .I . . "" “” 39.2 %a7 'I 
It3 

.-..--...-.-- -._ -...-1,-..- I .-- -.- I I I I - .- 
I -“.- 

lexachloroethane 1 420 - 570 I o;i I .- I “. I 246 I 39.2 II - _ -_.- 
Indeno(l,2,3cd)pyrene 420 - 570 214 61.0 NNB-BCM-SD-99.12B 149 114 
lsophorone 420 - 570 0 I4 “I . . 246 39.2 
Naphthalene 420 - 570 0 I4 -- I. 246 39.2 
Nitrobenzene 420 - 570 o/4 .- .- 246 39.2 
Pentachloronhenol 1.000 - 1.400 0 I4 c. -. 613 IO3 

II 
_ . _ _ _ _ _ _ ~. _ _ -- 

Phenanthrene 1 420 - 570 7 1 2/4 1 110 ! NNB-BCM-SD-99-12B 1 1 ;6; 1 I 95.2 -- 1 
Phenol 420 - 570 0 I4 I” -. 246 39.2 
Pyrene 420 - 570 2 I4 86.0 NNB-BCM-SD-9912B 165 95.6 
bis(2Chloroethoxy)methane 420 - 570 0 I4 .I “” 246 39.2 
bisl2-Chloroethvllether 420 - 570 o/4 “I “” 246 39.2 

DRAFT 
1-O ‘slf of the reporting limit was used for non-detected samples when calculating the 
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Summary Statistics = Subsurface Sediment 

Sample ID of Maximum 

Other Parameters 
Total organic carbon (MG/KG) 185 - 810 414 18,000 NNB-BCM-SD-994 2B 7,578 7,000 
pH 0.01 - 0.01 414 8.13 NNB-BCM-SD-99-I 6B 7.31 0.55 

1 - One-half of the reporting limit was used for non-detected samples when calculating the mean. 
DRAFT 
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Table 3-10 
Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints 

Naval Sfafion Norfolk, Norfolk, Virginia 
Risk Hypothesis Measurement Endpoint Receptor 

Are site-related chemical concentrations in surface water and/or Comparison of maximum chemical concentrations in 
sediment sufficient to adversely effect benthic invertebrate surface water and sediment with medium-specific 

Benthic 

communities? screening values 
invertebrates 

Are site-related chemical concentrations in surface water and/or Comparison of maximum chemical concentrations in 
sediment sufficient to adversely effect wetland plant surface water and sediment with medium-specific Wetland plants 
communities? screening values 

Are site-related chemical concentrations in surface water and/or 
Comparison of maximum chemical concentrations in 

sediment sufficient to adversely effect fish communities? 
surface water and sediment with medium-specific Fish 
screening values 

Are site-related chemical concentrations in surface water and/or Comparison of maximum chemical concentrations in 
sediment sufficient to adversely effect wetland reptile surface water and sediment with medium-specific Reptiles 
populations? screening values 

Assessment Endpoint 

Survival, growth, and reproduction of 
benthic invertebrate communities 

Survival, growth, and reproduction of 
wetland plant communities 

Survival, growth, and reproduction of 
fish communities 

Survival, growth, and reproduction of 
wetland reptile populations 

Survival, growth, and reproduction of 
wetland reptile populations 

Survival, growth, and reproduction of 
amphibian populations 

Survival, growth, and reproduction of 
amphibian populations 

Survival, growth, and reproduction of 
avian wetland omnivore populations 

Are site-related chemical concentrations in surface water and/or Evidence of potential risk to other upper trophic level I. sediment sufficient to cause adverse effects (on growth, 
survival, or reproduction) to wetland reptile populations? 

wetland receptors evaluated in the ERA 

Are site-related chemical concentrations in surface water and/or 
Comparison of maximum chemical concentrations in 

sediment sufficient to adversely effect amphibian populations? 
surface water and sediment with medium-specific Amphibians 
screenina values _.._. ..-- 

Are site-related chemical concentrations in surface water and/or 
sediment sufficient to cause adverse effects (on growth, 

Evidence of potential risk to other upper trophic level .- 
survival, or reproduction) to amphibian papulations? 

wetland receptors evaluated in the ERA 

Are site-related chemical concentrations in surface water and/or 
Comparison of literature-derived chronic No 

sediment sufficient to cause adverse effects (on growth, 
Observed Adverse Effect Level (NOAEL) values for 

survival, or reproduction) to avian receptor populations that may 
survival, growth, and/or reproductive effects with Mallard 

consume wetland prey from the creek? 
modeled dietary exposure doses based on maximum 
surface water and sediment concentrations 

Survival, growth, and reproduction of 
avian wetland piscivore populations 

Are site-related chemical concentrations in surface water and/or 
Comparison of literature-derived chronic No 

sediment sufficient to cause adverse effects (on growth, 
Observed Adverse Effect Level (NOAEL) values for Great b,ue heron 

survival, or reproduction) to avian receptor populations that may 
survival, growth, and/or reproductive effects with 

Belted kingfisher 
consume fish from the creek? 

modeled dietary exposure doses based on maximum 
surface water and sediment concentrations 

DRAFT Page 1 of 2 



Table 3-10 

Assessment Endpoint 

Survival, growth, and reproduction of 
mammalian wetland herbivore 
populations 

Preliminary Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints 
Naval Station Notfolk, Norfolk, Virginia 

Risk Hypothesis Measurement Endpoint 

Are site-related chemical concentrations in surface water and/or 
Comparison of literature-derived chronic No 

sediment sufficient to cause adverse effects (on growth, 
Observed Adverse Effect Level (NOAEL) values for 

survival, or reproduction) to mammalian receptor populations 
survival, growth, and/or reproductive effects with 

that may consume wetland plants from the creek? 
modeled dietary exposure doses based on maximum 
surface water and sediment concentrations 

Receptor 

Muskrat 

Survival, growth, and reproduction of 
mammalian wetland omnivore 
populations 

Survival, growth, and reproduction of 
mammalian wetland piscivore 
populations 

Are site-related chemical concentrations in surface water and/or 
Comparison of literature-derived chronic No 

sediment sufficient to cause adverse effects (on growth, 
Observed Adverse Effect Level (NOAEL) values for 

survival, or reproduction) to mammalian receptor populations 
survival, growth, and/or reproductive effects with Raccoon 

that may consume wetland prey from the creek? 
modeled dietary exposure doses based on maximum 
surface water and sediment concentrations 

Are site-related chemical concentrations in surface water and/or 
Comperison of literature-derived chronic No 

sediment sufficient to cause adverse effects (on growth, 
Observed Adverse Effect Level (NOAEL) values for 

survival, or reproduction) to mammalian receptor populations 
survival, growth, and/or reproductive effects with Mink 

that may consume fish from the creek? 
,modeled dietary exposure doses based on maximum 
surface water and sediment concentrations 

DRAF’ \ “lqe 2 of 2 
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Table 3-l 1 

Bioaccumulative Chemicals List and Log K,, Values for Relevant Chemicals 

Naval Station Norfolk, Norfolk, VirgMa 

Chemical Log K,,, Range 1 Selected log K, 1 Reference 

lnoraanics 

Cadmium I -- - . . .- 
Chromium _- - .- -. . . 
Copper ! -- . .- -. . . 
Lead I -. . . . I . . I .- 
Mercurv -. _ __ __ .- 
Nickel - 
Sefenium 
Silver 
Zinc 
Pesticides/PCBs 
4,4’-DDD 
4.4’-DDE 
4:4’-DDT 
ildrin 
alpha-BHC 
alpha-Chlordane 

oclor-I 016 

r 
I __ _ _. -_ t . . 

.- - -- -. __ 

I -- v . . . . ._ 
w* - _- -_ .- 

I 5.90 - 6.65 ! 6.iO I USEPA 1995b 
5.63 - 6.96 I 6.76 I EFPA 1 CMjb 

I -_. _ 
I 

---. . . .___ 

I 5.56 - 7.01 I 6.53 I USEPA 199E --;b 
5.11 - 7.50 6.50 USEPA 1995b 
3.75 - 3.81 3.80 USEPA 1995b 

Ar 
Xoclor-1221 

5.80 - 6.41 
__ - . . 

6.32 
5.60 

USEPA 199E 
Sample et al. t996 

- ! -. _ -- I 4.70 I Jones et al. 1997 
Aroclor-I 232 
Aroclor-1242 
Aroclor-1248 
Aroclor-I 254 
Aroclor-1260 
beta-BHC 
delta-BHC 
Dieldrin 
Endosulfan I - 

__ - _- I 5.10 Jones et al. 1997 
._ _ -- 5.60 Jones et al. 1997 
. . _ _- 6.20 Jones et al. 1997 
-. _ -_ 6.50 Jones et al. 1997 
. . _ __ 6.80 Jones et al. 1997 

3.75 - 3.84 3.81 USEPA i995b 
-- - - 4.10 USEPA 1996a 

3.63 - 6.20 5.37 ’ USEPA 1995b 
3.55 - 3.85 3.83 I USEPA 1995b 

Enciosulfan II ! 3.62 - 4.52 I 4.52 I USEPA 1995b 
PA t 995b ! 2.92 - 5.20 ! 5.06 I ~~~~ USEI 

~ 

‘A 19956 

Endrin 
3.90 
6.41 
6.26 
5.40 

Methoxychlor 
Toxa hene 
vc.!. I .^ . ._.. - . 

~latile ana Semivolatile organics 
I ,2,2-Tetrachloroethane ! 2.31 - 2.64 1 2.39 ! USEPA 1995 z 

1,2,4-Trichlorobenzene 
1 ,PDichlorobenzene 
1,3-Dichlorobenzene 
..-... . 

tb 
I 3.89 - 4.23 I 4.01 I USEPA 1995b 

3.20 - 3.61 3.43 USEPA i995b 

1,4-Ulchforobenzene 
! -- - Se ! 3.50 I USEPA 1996a 
! 3.26 - 3.62 ! 3.42 I USEPA 1995b - 

4-Bromophenyl-phenylether 
.^.. . . . 
4-C;hlorophenybphenylether 
Acenaphthene 

! 4.89 - 5.24 ! 5.00 ! USEPA 1995 
I 

b 
4.08 - 5.09 I 4.95 I USEPA 1995b 
3.77 - 4.49 1 3.92 USEPA f 995b 

DRAFT Page t of 2 



Table 3-l 1 

Bfoaccumulatfve Chemicals List and Log KOw Values for Relevant Chemicals 

Naval Sfafion Norfolk, Norfolk, Vhinia 

Chemical [ Log K,, Range Selected fog f&, 1 Reference 

Acenaohthvlene t __ _ __ 4.10 t USEPA 1996a 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(blfluoranthene 
Benzo[g;h,i)perylene 
Benzo(k)ftuoranthene 
Chrysene 
Dibenz(a,h)anthracene 
Fluoranthene 
Fluorene 
Hexachlorobenzene 

4.44 - 4.80 4.55 USEPA 1995b 
5.61 - 5.79 5.70 USEPA 1995b 
5.98 - 6.34 6.11 USEPA 1995b 
5.79 - 6.40 6.20 USEPA 1995b 
6.58 - 7.05 6.70 USEPA 1995b 
6.12 - 6.27 6.20 USEPA 1995b 
5.41 - 5.79 5.70 t USEPA 1995b 
6.50 - 6.88 6.69 USEPA 1995b 

39 5.12 USEPA 1995b 
4.04 - 4.40 4.21 USEPA 1995b 
5.23 - 6.92 5.89 USEPA 1995b 

f 4.84 - 5.: 

Hexachlorobutadiene 1 4.74 - 5.16 1 4.81 I USEPA 1995b 
Hexachlorocycfopentadiene 
Hexachforoethane 
lndeno(l,2,3-cd)pyrene 
Pentachlorophenol 

I 3.82 - 4.14 
5.05 - 5.51 5.39 USEPA 19956 

4.00 USEPA 1995b 
6.58 - 6.72 6.65 USEPA 1995b 
5.01 - 5.24 5.09 USEPA 1995b 

USEPA 1995b 4.55 I I 4.37 - 4.57 I Phenanthrene 
Pvrene t 4.76 - 5.52 I 5.11 t USEPA 1995b 

DRAFT Page 2 of 2 



II Table 3-l 2 II 
Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Step 2 

Naval Sfation Norfolk, Norfolk, Virginia 
Sediment-Plant BCF (dry weight) Sediment-Invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight) 

Chemical Value I Reference Value 1 Reference Value I Reference 

lnorganics 
Arsenic 1.10 Bechtel Jacobs 1998a 0.68 Bechtel Jacobs 1998b 0.13 Pascoe et al. 1996 
Cadmium 3.25 Bechtel Jacobs 1998a 3.07 Bechtel Jacobs 1998b 0.16 Pascoe et al. 1996 
Chromium 0.08 Bechtel Jacobs 1998a 0.19 Bechtel Jacobs 1998b 0.04 Krantzberg and Boyd 1992 
Copper 0.63 Bechtel Jacobs 1998a 7.96 Bechtel Jacobs 1998b 0.10 Krantzberg and Boyd 1992 , 
Lead 
Mercury 
Nickel 
Selenium 

0.47 Bechtel Jacobs 1998a 0,33 Bechtel Jacobs 1998b 0.07 
5.00 Bechtel Jacobs 1998a 1.74 Bechtel Jacobs 1998b 4.58 
1.41 Bechtel Jacobs 1998a 0.21 Bechtel Jacobs 1998b 1 .oo 
3.01 . Bechtel Jacobs 1998a _ I .oo . . 1.00 

Krantzberg and Boyd 1992 
Cope et al. 1990 

. . 

. . A 
11 -. Silver ! 0.04 1 Bechtel Jacobs 1998a 1 0.18 ! Hirsch 1998 ! 1.00 ! -1 II II Lint I 1.82 I Bechtel Jacobs 1998a 1 4.76 1 Bechtel Jacobs 1998b 1 0.15 I Pascoe et al. 1996 

Pesticides/PCBs I I II 
4,,/J’.DDD~ -. -- - 0.0115 Travis and Arms 1988 0.50 Oliver 1987 2.61 Oliver and Niimi 1988 
4,4-DDE 0.0048 Travis and Arms 1988 4.30 Oliver 1987 20.4 Oliver and Niimi 1988 
4,4’-DDT 0.0065 Travis and Arms 1988 0.50 Oliver 1987 9,11 Oliver and Niimi ‘I 988 

0.0068 I Travis and Arms 1988 I 1.00 I .- I 1.00 I . . I _- 
0.2464 Travis and Arms 1988 1.G . . 1 .oo . . 
0.0086 Travis and Arms 1988 1 .oo .- 1 .oo .- 

I[ Aroclor-1016 1 0.0224 I Travis and Arms 1988 1 21.9 1 Bechtel Jacobs 1998b 1 il.2 I Oliver and Niimi 1988 
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Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Step 2 
Naval Station Norfolk, Norfolk, Virsinia 

Sediment-Plant BCF (dry weight) Sediment-invertebrate BAF (dry weight) Sediment-Fish BAF (dry weight) 

Chemical Value Reference Value Reference Value Reference 

gamma-BHC (Lindane) 0.2704 Travis and Arms 1988 I .oo 1. 1.00 
gamma-Chlordane 0,0086 Ttmric wd Armc 1 QQQ I nn “. 1 nn . . I 

Heptachlor 0.0093 1 IQVIS alI” ntlllo lvxl I a”” “” I .“Y 
Heptachlor epoxide 0.0499 Travis and Arms 1988 1 .oo . . I .oo . . 

Methoxychlor 0.0448 Travis and Arms 1988 1 .oo . . 1.00 . . 

Toxaphene 0.0256 Travis and Arms 1988 1 .oo . . I .oo . . 

Volatile and Semivolatife Organics 
I ,I ,2,2-Tetrachloroethane 1.6091 1 *r&is and Arms 1988 1 1.00 I . . I, 1 ,oo I .I 

1,2,4-Trichlorobenzene 0.1863 7 'rmric nnrl Armc I OQQ ,cIvw cL,,u n,l,,i) tvvv I nn u.uv . . 1 r-In -. I I a”” I II 
1 ,BDichlorobenzene 0.4031 Travis and Arms 1988 1 .oo I. I I .oo . . 

1 ,&Dichlorobenzene 0.3673 Travis and Arms 1988 * 1.00 . . I I nn I . . II I 
1,4.Dichlc -I-- ~~~~~ n “nnr T.-.A.. .“-^I A.-- 4nnn 4 nn lroaenzene I u.4uix 1 travis ai~u n11i15 1~00 1 I .uu I . . 1.00 . . 

henyl-phenylether 1 0.0499 1 Travis and Arms 1988 1 I .oo -. 1.00 .- 
. __ I , 

1 I”” I 
__ 1 nn . . ii 

I . , .-. - -. -. - - . 

I rJarlrya et al. 1997 1.00 .- 
rya et al. 1997 I .oo . . 

.,_..__..” . . . . . . - .--- -.-- .._.. -rya et al. 1997 1 .oo .I 
Travis and Arms 1988 0.42 Maruya et al. 1997 I .oo . . 
Travis and Arms 1988 0.34 Maruya et al. i 997 1 .oo . . 
Travis and Arms 1988 1.00 I. 1 .oo . . 
Travis and Arms 1988 0.31 Maruya et al. 1997 1 .oo . . 
Travis and Arms 1988 1.13 Maruya et al. 1997 1 .oo .- 
Travis and Arms 1988 1 .oo . . 1 .oo . . 
Travis and Arms 1988 I .oo -. 1.00 . . 
Travis and Arms 1988 1 .oo . . I .oo . . 
Travis and Arms 1988 1.00 . . 1 .oo . . 
Travis and Arms 1988 0.36 Maruya et al. 1997 I .oo . . 
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Table 3.12 
Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Step 2 II 
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Table 3-13 II 

Receptor 
Birds 
Belted kingfisher 

Great blue heron 
Mallard 
Mammals 
Mink 
Muskrat 
Raccoon 

Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 2 II 
Naval Sta tier; 

Body Weight (kg) 
Value 1 Reference 

0.125 1 Dunning 1993 
I 

0.726 Silva and Downing 1995 
0.750 USEPA 1993 
4.230 Silva and Downina 1995 

wfolk, Norfolk, Wrginia 
Water Ingestion Rate (L/day) 

Value 1 Reference 
I Food Ingestion Rate (kg/day - dry) 
1 Value 1 Reference 

I 

0.0211 1 allometric equation 0.0262 USEPA 1993 
I 

0.1090 
; 0.0850 

allometric equation 0.4389 
allometric equation 0.0830 

allometric equation 
allometric equation 

0.0286 USEPA 1993 0.0349 
0.1426 allometric equation 0.0765 
0.6092 allometnc equation 0.1307 

1 
USEPA 1993 
USEPA 1993 
Conover 1989 
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Table 3-13 
Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 2 

Fish 

Naval Station Norfolk, Norfolk, Wrginia 
Dietary Composition (percent) 

I Ammtic Dlantc I Rcmthir! lnvnrtehrates I Reference 
I Sediment Ingestion (percent) 
I Value I Reference 

II necepwf I ,011 ry”“.,” . .I...” -_.* . . . . - .,.. v.---.I--- _ . _ . _ _ _ _ I I 
I il 

Birds 
Belted kingfisher 

Great blue heron 
Mallard 

_---. 
Mammals 
Mink 
Muskrat 
Raccoon 

84.0 0 16.0 

100 0 0 
0 86.7 10.0 

100 0 0 
0 90.6 0 

7.0 40.0 43.6 

USEPA 1993 
USEPA 1993; Quinney and 

Smith 1980 
Palmer 1976 

USEPA 1993 
USEPA 1993 
USEPA 1993 

0 Sample and Suter 1994 

0 Sample and Suter 1994 
3.3 Beyer et al. 1994 

0 Sample and Suter 1994 
9.4 Beyer et al. 1994 (raccoon) 
9.4 Beyer et al. 1994 
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Table 3-14 
Medium-Specific Screening Values 

Naval Station Norfolk, Norfolk, Virginia 
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Table 3-14 
Medium-Specific Screening Values II 

II “lava/ Station Norfolk, Norfolk, Vjrginia 
Chemical 1 Screening Value 1 Units I Reference Type Hardness 

A A’.ilT= I iA.fl I Ml/l 1 I JSEPA 1995a Marine 
I5a Marine 

I,. -I- 

4,4’DDT 
4,6-Dinitro-2-methylphenol 
4eBromophenyl-phenylether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenybphenylether 
4.Methyl-2-pentanone 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acetiaphthene 
Acenaphthyletie 
Acetone 

, .._ -.J’ - __-. .-- 

0.001 uglL USEPA 19s 
2.30 uglL USEPA 1999a 
1.50 uglL USEPA 1996b 
10.0 uglL AQUIRE 2002 
50.0 uglL Buchman 1999 
7.30 - ug/L AQUIRE 2002 

460,000 USEPA 1995a uglL 
13.0 ug/L AQUIRE 2001 
317 uglL AQUIRE 2002 
150 uglL USEPA 1995a 
520 UglL USEPA 1995a 
300 ug/L USEPA 1995a 

9,000,000 uglL USEPA 1995a 

Fresh 
Fresh 

Fresh 
Fresh 

Fresh 
Fresh 
Fresh 
Marine 
Fresh I Aldrin I 1.30 1 ug/L 1 USEPA 1995a Marine 

alpha-BHC 0.34 1’ ug/L 1 USEPA 1995a Marine 

II alphaChlordane I 0.004 I ug/L I USEPA1995a Marine 
I , ., * ^- ^ I. I .*a-“.. >^^^I Aluminum 8f.U UglL ustrA i YYYD Fresh 

Anthracene 0.10 uglL USEPA 1995a Fresh 
Antimony 30.0 ug/L USEPA 1995a Fresh 

Marine Aroclor-I 016 0.03 u IL g USEPA 1995a 
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Table 3-14 
Medium-Specific Screening Values 

Chemical 
Naval Station Norfolk, Norfolk, Virgi 

1 Screenina Value I Units I Reference I Tvoe I Hardness II 

DRAFT Page 3 of 8 



Table 3-14 

II MediumGpecific Screening Values II 

DRAF 

Chemical 

Dibenzofuran 
11 Dibromochloromethane 
II Dieldrin 

Naval Station Norfolk, Norfolk, Virginia 
Screening Value Units Reference Type Hardness 

20.0 uglL USEPA 1996b Fresh 
! 6,400 1 uglL 1 USEPA 1995a Marine 
I 0.056 I us/L I USEPA 2002 Fresh . I II - - - . 

Diethylphthalate 
Dimethyl phthalate 
Din-butylphthalate 
Di-n-octyl phthalate 

_ --- 
3.00 
3.00 
3.00 
3,oo 

uglL 
uglL 
ug/L 
ug/L 

USEPA 1995a 
USEPA 1995a 
Buchman 1999 
Buchman 1999 

Fresh 
Fresh 
Fresh 
Fresh 

Endosulfan I 
fan II 

I 0.0087 1 ug/L 1 USEPA 1995a I Marine I 
0.0087 1 ualL 1 USEPA 1995a Marine II 

Endosulfan sulfate 0.0087 ugll USEPA 1995a Marine 
Endrin 0.01 uglL USEPA 1996b Marine 
En&in aldehyde 0.01 uglL USEPA 1996b Marine 
Endrin ketone 0,oi ug/L USEPA 1996b Marine 
Ethylbenzene 430 ug/L USEPA 1995a Marine 
Fluoranthene 16.0 uglL USEPA 1995a Marine 
Fluorene 300 us/L USEPA 1995a Marine 

rlqJlclr;l IllJl 

Hexachlorobenzene 
Hexachlorobutadiene 

“,““J” U$JlL 

3.68 ug/L 
9.30 uglL 

USEPA 1995a 
USEPA 1995a 

Fresh 
Fresh 

I/ Hexachlorocyclopentadiene 
II Hexachloroethane 

! 5.20 1 uglL 1 USEPA 1995a I Fresh I 
I 540 I us/L I USEPA 1995a Fresh ..-. -.-,..-. - -..._ -..- 

Indeno(l,2,3+d)pyrene 
Iron 
3 I rsopnorone 
Lead (dissolved) 
Lead (total) 
Manganese 
Mercury (dissolved) 
. . I. . I\ 

_ ._ 
300 

1,000 
2.. . ..^a 
1 Z,YUU 

8.10 
8.50 
10.0 
0.77 
n -1 

ug/L 
uglL 

II 

1 nnercury (total) 

UglL 

uglL 
ug/L 
ug/L 
uglL 

II 

USEPA 1995a 
USEPA 2002 
IIfiCP.A I,.,-.-. uStrA i wa 
USEPA 2002 
USEPA 2002 
USEPA 1995a 
USEPA 2002 
I l.TCrr ” ,.,.,-.P. 

Marine 
Fresh 
*. . 

I U.Yl 1 uglL l u5trA~uu2 

Marine 
Marine 
Marine 
Marine 
Fresh 
Frnch u 
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Medium-Specific Screening Values 

Chemical 

Methoxychlor 
Methylene chloride 
Naphthalene 
Nickel (dissolved) 
Nickel (total) 
Nitrobenzene 

B I Hardness 1 
Naval Station Norfolk, Norfolk, Wrginia 

Screening Value 
!I 

Units Reference TY PI- 
0.03 uglL USEPA 1995a Fresh/Marine 
6,400 ug/L USEPA 1995a Marine 
too uglL USEPA 1995a Fresh 
8820 uglL USEPA 2002 Marine 
8.30 uglL USEPA 1995a Marine 

6.680 us/L USEPA 1995a Marine 
II 

I 
. 

n-Nitrosodiphenylamine Pentachlorophenol -. 
11 Phenanthrene 

Phenol I-.. : Pyrene 
11 Selenium (dissolved) 

_,-__ _._.- --- .____. 

I 5,850 7.90 1 1 uglL uglL 1 1 USEPA USEPA 1995a 1995a 
Fresh 
Marine 

I 4.60 1 ug/L 1 USEPA 1995a Marine 

I 79.0 1 uglL USEPA 1995a Fresh 
300 1 uglL USEPA 1995a Marine 

I 4.60 uglL 1 USEPA Fresh 
Fresh 
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Table 3-14 II 
Medium-Specific Screening Values 

Chemical 

1,4Dichlorobenzene 
2,4-Dimethylphenol 

Naval Station Norfolk, Norfolk, Virqiinia 
I Screenina Value I Units Reference 

ugkg USEPA 1995a 
Hardness . 

110 
29.0 uglkg 1 USEPA 1995a I I II 

II -: 2-Methylnaphthalene ! 70.0 1 uglkg f USEPA 1995a ! ! II 
I ualka I USEPA 1995a 
I --CT -0 I 

_- ----~ 

I ualka I USEPA 1995a 
uglkg USEPA 1995a 
uglkg USEPA 1995a 
uglkg 1 USEPA 1995a 
ugikg 1 USEPA 1995a 

I 
I 

I 
I 

II 
I I II 

! 
I 

! II 
I II 

! 44.0 1 uglkg I USEPA 1995a ! I- ~--- II 

2-Methylphenol 
4,4’DDD 
4,4-DDE 
4,4’-DDT 
4-Methylphenol 
Acenaphthene 
Acenaahthvlene 

63,O 
16.0 
2.20 
1.58 
670 
16.0 

I Aidrin ’ I 9.50 I ugtkg I Buchman 1999 I I 
aloha-BHC 6.00 I ualka I Ontario Ministrv of the Environment 1993 II 
alpha-chlordane 7.00 ugfkg Ontario Ministry of the Environment 1993 
Aluminum 18,000 mglkg Buchman 1999 
Anthracene 85.3 uglkg USEPA 1995a 
Antimonv 1.50 malka USEPA 1995a 

11 Aroclor~lOl6 ! 22.7 1 uglkg I USEPA 1995a ! I-~ - -- ---II 
II Aroclor-I 221 I 22.7 I ualka I USEPA 1995a I I II 

Aroclor-1232 22.7 

II ‘.-. -~-~ 
Aroclor=l242 

w--s __-. .._-_. 

uglkg USEPA 1995a 

! 22.7 uglkg USEPA 1995a 

II Aroclorql248 I 22.7 1 uglkg I USEPA 1995a I I 
Aroclor-1254 22.7 I ualka 1 USEPA 1995a 
Aroclor-I 260 
Arsenic 
Barium 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
beta-BHC 
bis(2-Ethvlhexvhohthalate 

22.7 
8.20 
48.0 
261 
430 

3,200 
670 

1,800 
5.00 
1.300 

uglkg USEPA 1995a 
mglkg USEPA 1995a 

Buchman 1999 mg/kg 
I ualka I USEPA 1995a I I 

, 
uglkg USEPA 1995a 
ugtkg USEPA 1995a 
uglkg Buchman 1999 
ugfkg Ontario Ministry of the Environment 1993 
ualka USEPA 1995a 

-.... ---. .__-_. 

I ualka I USEPA 1995a 
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II Table 3-14 
Medium-Specific Screening Values II 

Chemical 

Butylbenzylphthalate 
I[ CJadmiury 

I;arbazole 

II - Chromium 

II Ch!Tne 

Naval Station Norfolk, Norfolk, Virginia 
I Screenina Value I Units I R~fmwma Type Hardness 

1 63.0 1 uglkg 1 USEPA 1995a 
! 1.20 1 mglkg 1 USEPA 1995a 
I 1,800 1 uglkg 1 Cubbage et al. 1997 

81 .O 1 mglkg 1 USEPA 1995a 
I ! 384 1 uglkg I USEPA 1995a I 

! 10.0 1 mglkg I Buchman 1999 I I II * Gobalt 

I: cropper I 34.0 I mglkg I USEPA 1995a 
delta-BHC 5.00 1 uglkg 1 Value for beta-BHC I-- -.. . . 

II Ulbenz(a,h)anthracene I 63.4 I uglkg I USEPA 1995a _.I . ! II uloenzowran 
Dieldrin 
-. _. * . . . 

I 540 I uglkg I USEPA 1995a 
0.72 I uglkg I Buchman 1999 

II Llletnyrpntnalate 
Dimethylphthalate 
Di-n-butylphthalate -. . . . 

! 200 I uglkg I USEPA 1995a I I 
1 I 

-. .-.-~ 
71.0 uglkg USEPA 1995a 
1,400 uglkg USEPA 1995a 

II UI-II-OCtyl phthalate 6,200 I uglkg I USEPA 1995a 
91 
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Table 3-14 
Medium-Specific Screening Values 

Lead 
Chemical 

Naval Statidn Norfolk, Norfolk, Virginia 
I Screening Value I Units I Reference 

I 46.7 1 malka I USEPA 1995a 
I Type Hardness 

I 
Manganese 260 
Mercury 0.15 
Naphthalene 160 
Nickel 20.9 
n-Nitrosodiphenylamine 28.0 
PAH (total) 4,022 
Pentachlorophenol 360 
Phenanthrene 240 
Phenol 420 
Pyrene 665 
SalfxClIm 1 nn 

mg/kg 
mglkg 
uglkg 
mglkg 
q/kg 
uglkg 
uglkg 
uglkg 
ugt’kg 
uglkg 
mnlkn 

Buchman 1999 
USEPA 1995a 
USEPA 1995a 
USEPA 1995a 
USEPA 1995a 
Long et al, 1995 
USEPA 1995a 
USEPA 1995a 
USEPA 1995a 
USEPA 1995a 
Ruchman 1 Xl9 ““1”11111111 . .“” . . . . . --- .,... -., .--- 

Silver I .oo mglkg USEPA 1995a 
USEPA 1995a Tetrachloroethene 57.0 u Ik g g 

II -Trichloroethene I 41 .o I uglkg I Buchman 1999 I I 
Vanadium 57.0 1 ma/ka 1 Buchman 1999 II 

I 
. _..._. - ._.... 
Xylene, total 40.0 I @kg I USEPA 1995a I 
Zinc 150 I malka I USEPA 1995a _I 



Table 3-15 

II I 

Ingestion Screening Values for Mammals 
Naval Station Norfolk, Norfolk, Vjrghia 

I Body Weight I I I 1 LOAEL 1 NOAEL } 
Chemical ITest Organism1 (kg) I Duration IExposure Route/ Effect/Endpoint I (mqlkqld) I (mq/kq/d) I Reference 

lnorganics 
II 

Arsenic 1 mouse 1 0.03 1 3 generations I oral in water I reproduction I 1.26 I 0.13 
II Cadmium 
II Cadmium 

I rat I 0.30 
Sample et al. 1996 

6 weeks I oral (gavage) I reproduction I 10.0 1 1.00 Sample et al. 1996 
1 7.50 1 0.75 ATSDR 1999a ! dog ! 

--.~.-- 
10.0 I 3 months I oral inhht I reproduction 

II Chromium I rat I 0.35 I 3 months 1 oral in water I survival 1 131 I 13.1 I Sample et al. 1996 
II Copper 

Lead 
Mercury . . 

1 I 
- -_- 

mink l.OOer 1 357days 
0,35 
0.35 

I oral in diet I relsroduction I 15.1 I 11.7 I Samrh at al. 1996 

il 

II !!e!c”” 

rat 
rat 

--..“I-‘- -. -.. 
3 generations oral in diet reproduction 80.0 8.00 Sample et al. 1996 
3 generations oral in diet reproduction 0.16 0.032 Sample et al. 1996 

^-- ,II 
! mink ! 1 .oo ! 93 days I oral in diet I survival/weight lossl 0.25 I 0.15 I Sample et al. 19% 41 

II Nickel I rat I 0.35 I 3 aenerations I oral in diet I reproduction I 80.0 I 40.0 I Sample et al. 1996 
.+A” r,.rr^A, *^A:^.. I nor, I nnn I 1*--.-r- _A -I “(Iofl II 

I 
Selentum I rat I 0.35 I 1 year I oral in whtt;~ 1 IG~IUUUVLIWII 1 v.33 1 W,LW 1 zlrrlple et al. I YY” 
Silver rat 0.35 2 weeks oral in ll water survival 1 181 1 

18.1 
1 

Al -. 
11 zrnc I rat I 0.35 I GD l-16 1 oral in diet I reproduction 320 1 1 160 1 

Zinc 
Pesticides/PCBs 

I mink I 1 .oo 1 25 weeks I oral reproduction 1 208 1 20.8 1 ATSDR 1994a II 
duction 1 4.00 I 0.80 I Sample et al. 1996 . I 2 years I oral in diet I repro1 

I 2 aenerations I oral in diet I renroduction I 5.00 I 1.00 I ATSDR 1994n 
4,4’-DDD 
4,4’-DDD 

rat 
dog 
rat 
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ingestion Screening Values for Mammals 
NaVa/ StatiOn NOrfOlk, NOrfOlk, VirC@ii 

1 Bodv Weiaht 1 I I- 

tt 

I LOAEL 1 NOAEL 1 II 
II Chemical 1 Test Organism1 ika) - Duration 

12 months 
+I 

Aroclor-1260 oldfield mouse 0.014 
Aroclor-I 260 mink 1 .oo 4.5 months 
beta-BHC rat 0.35 4 generations 
delta-BHC rat 0.35 4 generations 
m.-,-, . n fir n -^-^ “^&:^-^ 

Exposure Route Effect/Endpoint (mnlkrrld) (ma/kg/d) Reference 

oral in diet reproduction 0.68 0.068 Sample et al. 1996 
oral in diet 1 reproduction 0.69 1 1 0.14 1 Sample et al. 1996 
oral in diet I reproduction I 3.20 I 1.60 I 

11 vijelann 
oral in diet 
-*..I :- -I:-< 

I renrodmtinn I 3.213 
Sample et al. 1996 

I 1.60 I Samole et al. 1996 II - . - - - - . - _.-_ 
I 

I rar I u.53 1 3 ywlerauullu 1 Uldl III Uld I reproduction I 0.20 I 0.02 I $mble et al. 1696 \ 

“-II 

I 

.-.- ,-_ Sample et al. 1996 
- -- I 

II 
, oral (gavage) fertility 15.0 1.50 Sample et al. 1996 

120 days I oral in diet reproduction 0.92 0.092 Sample et al. 1996 
I renmdmtion I 80.0 I 8.00 I .-r’-- _._,._._ ---- _._. Samole et al. 1996 

reoroduction 9.16 1 4.58 Samele et al. 1996 
II 
II 

Heptachlor epoxide 
Methoxychlor 
Toxaohene 

mink 
rat 

1 .oo 
0.35 

181 days oral in diet 
11 months I oral in die 

reproduction 1 .OO 0.10 Sample et al. 1996 

oral (gavage) I reproduction I 760 I 76.0 I ATSDR 1996a -II 

t reproduction 8.00 4.00 Sample et al. 1996 -- .-. 
_.._. I-..-..- I rat I I oral in diet 0.35 I 3 generations reproduction 80.0 8.00 Sample et al. 1996 

Volatile and Semivolatile Organ& 
1 ,I ,2,2-Tetrachloroethane rat 0.35 78 weeks 
1,2,4-Trichlorobenzene rat 0.35 3 generations oral in water I reproduction I 106 I 53.0 I Coulston and Kolbye 1994 II 
1 ,PDlchlorobenzene rat 0.35 chronic oral (gavag 4 I liver/kidne y-- r-m 857 I --85,7 1 Coulston and Kolbye 1994 11 
1 ,&Dichlorobenzene rat 0.35 chronic m 
1,4-Dichlorobenzene 
4.Bromophenyl-phenylether I” .c .- .I . . NA NA I. 
4-Chlorophenytphenylether I- -. LS -- -- NA NA c. 

~-~ -~ .-..~~ 
weeks firal (gavage) I reproduction I 700 I 350 I ATSDR 1995 II 

I I 
- - -. -. - . - _- --- 

ej I reoroduction 1 10.000 I 1.000 I ATSDR 1995 II 
renroduction I 700 I 350 I ATSDR 1995 II 

D 7-16 1 oral (gavage) I reproduction 10.0 1.00 Sample et al. 1996 

--~ -~.~ 
D 7-16 1 oral (gavagej I reproduction 10.0 1 .OO Sample et al. 1996 



Table 3-l 5 
Ingestion Screening Values for Mammals 

lava/ Station Norfolk, Norfolk, Virginia 

II Dibenz(a,h)anthracene 
II Fluoranthene I mouse I 0.03 I 13 weeks I oral (gavage) 1 7eprot 

I mouse I 0.03 I GD 7-16 I oral (gavage) I reproduction 10.0 1.00 Sample et al. 1996 
tuction 1 5,000 I 500 I ATSDR 1995 

Fluorene mouse 0.03 13 weeks oral (gavage) reproduction 5,000 500 ATSDR 1995 
Hexachlorobenzene rat 0.35 4 generations oral in diet reproduction 2.00 1 .oo ATSDR 1996b 
Hexachlorobutadiene rat 0.35 90 days + oral in diet reproduction 20.0 2.00 ATSDR 1994~ 
Hexachlorocvclooentadiene rat 0.35 GD 6-15 oral laavaae) reproduction 750 75.0 ATSDR 1999b 

I[ Hexachloroethane : 
Indeno(l,2,3-cd)pyrene 
Pentachlorophenol 
Phenanthrene 
Pyrene 

! rat ! 0.35 
mouse 

rat 
mouse 
mouse 

0.03 
0.35 
0.03 
0.03 

GD 6-l 6 I oral (gavage) I reproduction I 500 I loo- I- ~- ATSD R 1997 
GD 7-16 oral (gavage) reproduction 10.0 1.00 Sample et al. 1996 

up to 24 months oral in diet reproduction 30.0 3.00 Coulston and Kolbye 1994 
13 weeks oral (gavage) reproduction 5,000 500 ATSDR 1995 
GD 7-I 6 10.0 1.00 oral (gavage) reproduction . , Sample et al. 1996 
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Ingestion Screening Values for Birds 
Naval Station Norfolk, Norfo 

II 

Body Weight LOAEL NOAEL 
Chemical Test Organism (kg) :- Duration Effect/Endpoint (mglkgld) (mglkgld) Reference 

lnoraanics 
II ----- 1 *, -...-- I . abird 1 0.05 1 s 7 months 1 oral in diet 1 survival 1 7,38 1 2.46 f Sampl . .--_ il 

firsenrc 
Arsenic 
Cadmium 
Chromium 
Copper 

I Lead 

brown-headed co’ 
mallard 1 .OO 128 days oral in diet survival 12.8 5.14 
mallard 1.15 90 days oral in diet reproduction 20.0 1.45 

American black duck 1.25 10 months oral in diet reproduction 500 1 .oo 
0.53 IO weeks , g chicks oral in diet rowthlsurvival 61.7 47.0 . s .---- -p-I- . . - 

le et al. 199ti 
Sample et al. 1996 
Sample et al. 1996 
Sample et al. 1996 
Sample et al. 1996 
- If3 et al. 1996 I Japanese quail 1 0.15 I 12 weeks 1 oral in diet 1 reproduction 1 I 1.3 1 sampl 

American kestrel 
Japanese quail 

mallard 
mallard 
mallard 

screech owl 
mallard . . 

- -. -.. - - - 
0.13 7 months oral in diet reproduction 38.5 3.85 Sample et al. 1996 
0.15 1 year oral in diet reproduction 0.90 0.45 Sample et al. 1996 
1 .oo 3 generations oral in diet reproduction 0.078 0.026 USEPA 1997b 
0.78 90 days oral in diet growth/survival 107 77.4 Sample et al. 1996 
1 .oo 100 days oral in diet reproduction 0.80 0.40 Sample et al. 1996 
0.20 13.7 weeks oral in diet reproduction 1.50 0,44 Sample et al. 1996 

14 days ; oral in diet : 1.13 survival USEPA 1999c , 

Lead 
Mercury 
Mercury 
Nickel 
Selenium 
Selenium 
Silver 
?!.- 
Lrnc I chrcken I 1.94 I 44 weeks I oral in diet 1 reproduction 14.5 
PesticideslPCBs 

Sample et al. 1996 

44’.DDD I mallard I 1 .oo 
4,4’-DDD 

I 2 years I oral in diet I reproduction I 0.60 1 0.12 I USEPA 1995c 
barn owl 0. .- ,47 I 2 oral years in diet reproduction 

^ ̂ ^ 
u.w 

- ^^ 
0.08 IdI -‘us 1996 * . . . ..-- 

4,4'-uut mallard 1 .oo 2 years oral in diet reproduction 0.60 0.12 USE iPA 1995~ 
4,4’-DDE barn owl 0.47 2 years oral in diet reproduction 0.80 0.08 BI us 1996 
4/l’-DDT mallard 1.00 2 years oral in diet reproduction 1.50 0.60 USE :PA 1995c 

I- 

1 .I ..-v 

barn owl I 0.47 I 2 years 1 oral in diet 1 reproduction 

- 

Aldrin 
4,4'-WI , . _..^ I I mallard 1 .oo 5 days I oral in diet I survival 0.80 1.60 1 1 0.08 0.16 1 1 Hill Blus et al. 1996 1975 

SamoIl e et al. 1996 
e et al. 1996 

arpna-Bnr; 
alpha-Chlordane 
Aroclor-1016 
Aroclor-1221 

SampIt 
Sample 

Aroclor-1232 
Aroclor-1242 
A”--,-.. 4*1n 

II nrucror- I z4u ring-neclcea pneasant 1. 
Aroclor-I 254 

Sample 
Sample 
Sample 
Sample 
Samals 

et al. 1996 
et 1996 
et 1996 
et 1996 
et 1996 
!et 1996 



II Table 3-I 6 II 

I 

Ingestion Screening Values for Birds 
Naval Station Norfolk, Norfolk, Virc’-‘- 

I Bodv Weiaht I I I 

II 

f LOAEL I NOAEL I II 
Chemical Test Organism 

- ---II -- ‘I- 
(kg) 1 Duration (Exposure Rout4 Effect/Endpoint 1 (ma/kg/d) 1 (mglkgld) 1 Reference 

% 
Aroclor-I 260 ring-necked pheasant I .oo 17 weeks oral reproduction 1.80 0.18 Sample et al, 1996 
beta-BHC Japanese quail 0.15 90 days oral in diet reproduction 2.25 0.56 Sample et al. 1996 
delta-BHC Japanese quail 0.15 90 days oral in diet reproduction 2.25 0.56 Sample et al. 1996 

, Dieldrin barn owl 0.47 2 years oral in diet reproduction 0.77 0.08 Sample et al. 1996 __-. - - 
Endosulfan I gray partridge 0.40 4 weeks oral in diet reproduction I 100 I 10.0 I 
Endosulfan II gray partridge 0.40 4 weeks oral in diet 1 reproduction 1 100 1 10.0 1 
Endrin mallard 1.15 7200 days oral in diet I reproduction I 3.00 I 0.30 I 
Endrin screech owl 0.18 pi- 783 dais I oral in diet I reproduction 1 0.10 1 0.01 

g) 
1 

amma-BHC (Lindane 8 weeks oral (gavage) reproduction 1 20.0 1 2.00 1 --- -.-I -~ 

Sample et al, 1996 11 
Sample et al. 1996 
Sample et al, 1996 I 
Sample et al. 1996 II 
Sample et al. 1996 11 

II gamma-Chlordane I red-winged blackbird 1 0.06 84 days I oral in diet I survival 1 10.7 1 2.14 1 Sample et al. 1996 II 
.-. 

-.-- -‘-- 
_. 

I I I I --. ial 2.80 0,28 Hill et al. 1975 
I 1.50 I 16 weeks I oral in diet I reproduction 3,550 355 Wiemeyer 1996 

14 days 1 oral (gavage) 1 growth/survival I 2,500 250 Grimes and Jaber 1989 

- 
I 35 days I- oral in diet reproduction 395 39.5 Rigdon and Neal 1963’ II 

%ken 
_. _--. -~ - 

1.50 I 35 days I oral in diet I reproduction I 395 I 39.5 I Rigdon and Neal 1963 /I Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 

Chrvsene 
~... 

chicken 1.50 I 35 days I oral in diet I reproduction Rigdon and Neal 1963 



Table 3-I 6 
Ingestion Screening Values for Birds 

Naval Station Norfolk, Norfolk, Virginia 

Body Weisht 1 I I LOAEL 1 NOAEL t 
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II Table 3-17 
Step 2 Screening Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

Chemical ‘-I’ 

nits (UGIL) 

urn 
lnorga 
Alumin Antimony 

Arsenic 

Maximum Maximum 

Reporting Limit Frequency Concentration Sample ID of Maximum Screening Frequency of Hazard 

Range of Detection Detected Concentration Value Exceedance Quotient’ COPC? 

1 6.00 - 6.00 1 21 / 24 1 6.600 1 NNB-BCM-SWS7.OGL 1 87.0 1 71 / 74 1 75 R I VES - -... - .._. __- -’ ‘- ..,.. 4.00 - 4.00 1 I 24 1 7.h Nt’&BCM-SW97-06L 30.0 -o ) & 0.25 NO 

4.00 - 4.00 16124 1 61.6 NNB-BCM-SW97-03L 36.0 3 / 24 1.71 YES 
37.15L 10,000 0 I 24 0.01 NO Barium 1.00 - 1.00 24 I 24 147 NNB-BCM-SW{ 

Beryllium 1.00 - 1.00 5 I 24 1.70 NNB-BCM-SW97-15L 5.30 0 I 24 0.32 
Cadmium 1.00 - I,00 5 ~1 24 2.50 NNB-BCM-SW97-15L 0.76 5 I 24 3.29 Y 

Calcium ’ 48.0 - 48.0 24 I 24 154,000 NNB-BCM-SW97-01 L NSV -- I -- NSV P 
Chromium 2.00 - 2.00 16 124 25.9 NNB-BCM-SW97.1-121 II A I 34 3 77 V 

I,00 - 1.00 20 I 24 5.90 NNB-BCM-SWc 

‘ES 

\I0 

Magnesium ’ 51.0 - 51.0 24 I 24 393,000 NNB-BCM-SW97-01 L NSV 

I Manganese I 
Mercury 

II _ Nickel 1 3.00 -3.00 1 18124 1 41.8 1 NNB 
II Potassium ’ 47.0 - 47-n I 74 I 74 I 

I 
- - 

’ -. Selenium 5.00 - 5.00 1 -i I 24 I 
Silver 7 nn . 7nn I n / 74 . . I 

NSV NO 

Sodium L 68.0 - 100 24 I 24 4,050,000 NNB-BCM-SW97-01 L NSV 
Thallium 10.0 - 10.0 0 I 24 -- . . 40.0 
Vanadium 1.00 - 1.00 19 1 24 107 NNB-BCM-SW97-15L 10,000 0 I 24 0.01 NO 
Zinc 2.00 - 2.00 24 I24 572 NNB-BCM-SW97-15L 86,O IO I24 6.65 YES 
PesticidelPolychlorinated Biphenyls (UGIL) 

4,4’-DDD 1 0.10 - 0.10 1 1 / 24 1 0.085 1 NNB-BCM-SW97-05L 1 0.60 1 0 I 24 1 0.14 1 NC 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2 - Macronutrient - Not considered to be a COPC 

DRAFT 
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Table 3-I 7 
Step 2 Screening Statistics - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

Detected I Concentration Value 1 Exceedance 1 Quotient’ I COPC? 

11 1,2-Dichlorobenzene 1 2.00 - 2.00 1 0 I 24 1 -- . . 129 -- I-- 
1 ,&Dichlorobenzene 1 2.00 - 
1.4.Dichlorobenzene I 2.00 - 
2,2’-Oxybis(1 -chloropropane) 1 0.70 - 0.70 1 0 I 24 1 -- . . NSV -- L -- NO . “ ” )_.-a.. _.‘__ 11 

214.Dimethybhsrkl 
- - 

1.00 - 1.00 _ . - 0 - I24 , -. -- . . 2,120 -- 
2,4-Dinitrophenol 1.00 - 1.00 0 I 24 -- . . 150 --I-- 

2,6-Dinitrotoluene 1.00 - 1.00 0 124 -- . . 

2-Chloronaphthalene 2.00 - 2.00 0 I24 -- . . 7.50 -- I -- 

II 2-Methylnaphthalene 2.00 - 2.00 0 I 24 1 -- . . 300 . . / . . 

II 2-Nitroaniline 0.80 - 0,80 0 I 24 

II 3.Nitroaniline 2.00 - 2.00 0 I 7 L. . . 1,000 -- I -- f 

‘I * “‘-‘----.-‘,enyl.phenylether , 

1 2.00 - 2.00 1 
0 ; 24 I 

1 
I I -_.- 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2 - Macronutrient - Not considered to be a COPC 
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II Table 3-17 
Step 2 Screening Statistics - Surface Water 

Naval Station Norfolk, Notiolk, Virginia 

Maximum Maximum 

Reporting Limit Frequency Concentration Sample ID of Maximum Screening Freuuencv of Hazard 

Anthracene 2,oo - 2.00 0 I 24 -- . . 0.10 -- I -- 
Benzo(a)anthracene 2.00 - 2.00 0 I 24 -- I. 6.30 -- I -- 
Benzo(a)pyrene 2.00 - 2.00 0 I 24 -- . . 0.21 -- I -- 
Benzo(b)fluoranthene 2.00 - 2.00 0 I 24 -- . . 300 -- I -- 
Benzo(g,h,i)perylene 1.00 - 1.00 0 I 24 -- I. 300 -- I -- 
Benzo(k)fluoranthene 2.00 - 2.00 0 I 24 -- . . 300 -- I -- 
- - -  , I . . . _  ‘,- .  

“-. 
.  . - . .  -  .  -  -  .  .  .  - .  -.-- 

Carbazole 10.0 - IO,0 0 I 24 -- .” 10.0 -- ; . . 
Chrvnmn 3.m - 2 nn n I 74 . . . . . . 1 -- 

Di-n-octylphthalate 2.00 - 2.00 0 I 24 -- . . 
Dibenz(a,h)anthracene 2.00 - 2.00 0 I 24 -- . . 300 -- I -- 
Dibenzofuran 2.00 - 2.00 0 I 24 -- .” 20.0 -- I -- 
Diethylphthalate 2.00 - 2.00 0 I24 -- . . 3.00 -- I -- 

Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 

2.00 - 2.00 0 I 24 -- . . 300 -- I --- 
2.00 - 2.00 0 I24 -- . . 3.68 -- I -- ~ 
2.00 - 2.00 0 I24 -- . . 9.30 -- I -- 

Hexachloroethane 
11 Hexachlorocyclopentadiene 1 0.90 - 0.90 1 0 I 24 

11 lndeno 1,2,3-cd rene ( 2.00 - 2.00 .- 300 1 ~~;. / . . 1 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2-Ma utrient - Not considered to be a COPC 

.I 

DRAFT 
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Maximum 
Hazard 

alue I F vFpp~lnFn I Quotient’ COPC? II 

11 Phenol 6.00 - 6.00 0 I 24 1 -- I . . 

II 1 ,I ,I-Trichloroethane 1.00 - 
IC 

1.00 1 I24 1.00 NNB _ 
1 ,I ,2,2-Tetrachloroethane 1.00 - 1.00 0 I24 -- . . 1 2,400 1 , -: ; -- --. 

II 1 ,I ,2-Trichloroethane 
II 1 ,I-Dichloroethane 

I 1.00 -1.00 I O/24 I -- 1 . . I 9.4nn I -- 1 -. _ -. I ., ..- 

1124 I 1 .oo NNB-BCM-SW97-12L I 160.000 
I 

0 I24 1 0.0 

II 1,2-Dibromo-3-chloropropane 1 1.00 - . 
- 

- 1.00 - 1 0 I24 1 -. . . ..- 1 -I- --.,. . . -.- 
II I,2Dlbromoethane 1 l,OO-1.00 1 0124 1 -- 1 . . 1 i8,OOO 1 

I 

II I ,2-Dichloroethane 

I 2-Butanone 1,2-Dichloropropane 

1.00 - 1.00 3 I 24 

5.00 1.00 - - 5.00 1.00 0 1 I I24 24 nm 2.00 -- NNR.RCM.SWQ7.ndH NNB-BCM-SW97-12L . . !? 20,000 7713 3,040 m-m -- 17 0 I I I 24 -- 74 
II . 5.00 - . - 2-Hexanone 1 - 5.00 . . 1 0 ~ I 24 -. 1 -I- . .* .- --..a . . .,..“. I . . I I 1 “,--“,Y”Y 428,000 1 , “.. “I-1 1 . . ,“” 

Imne 1 5.00 - 5.00 1 0 I 24 1 -- 1 . . 1 460,000 1 
II Acetone 
II Benzene II -_. --..- 

. . I . . ^ 
i 1.00-2.00 I 24/24 f I 7.00 .-. I NNB-BCM-SW97-041 -- - -... - . . . .- I 9,OOo,00(1 . 1 o / 24 0.0000 
I inn . 1 nn I 7 174 I . ...” ...,” , WI-8 !? nn V.“” 1 hlhlR.Rf?h/LS\A/a7.131 I , I.,,- Y”,“, ““WY, ICL , 700 1 0124 0.00~ 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2 - Macronutrient - Not considered to be a COPC 

DRAFT 
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Table 3.17 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2-M? x 

Y 
trient - Not considered to be a COPC 
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Table 3-l 8 
Step 2 Screening Statistics - Surface Sediment 

Naval xarlon NonorK, NorrolK, wrginia 

Chemical 

Maximum Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum Screening Frequency of Hazard 

Range Detection Detected Concentration Value Exceedance Quotient’ COPC 

11 Antimony 0.20 - 6.20 11 I 31 
-.-- -.-. 

Barium 0.05 - 6.20 
Beryllium 

, 
0.05 - 3.70 20 I 37 1 IO. . . 

Chromium ‘- 0.10 - 6.20 37 I 37 1,4t 
Cobalt 0.05 - 6.20 33 I 37 23.1 1 NNB-BCM-: 

Cyanide 1 0.07-1.60 1 1137 

11 . Magnesium . ‘ 1 2.50 - 309 1 37 I 37 1 7,300 1 NNB-BCM-SD-99-20 NSV T . . I-- 1 N ISV 1 NC-2 ,-. 
‘-- I[ Manganese 1 0.05 - 6.20 1 37 I 37 284 NNB-BCM-SD97-13 ~-- 260 1 

Mercury 
/ 37 1.09 YES 

OS04 * 0.35 22 I 37 0.89 NNB-BCM-SD-99-07 0.15 
Nickel 

17 I 37 5.93 YES 
0.15 - 6.20 37 I 37 p 70.9 NNB-BCM-SD97-03 20.9 20 I 37 3.39 YES 

Potassium ’ - 2.30 619 37 I 37 3,610 NNB-BCM-SD-99-09 NSV -- Selenium - I -- NSV NO 
0.25 6.20 16 137 3.40 NNB-BCM-SD-99.12A 1 .oo - 14 I 37 

II ^ Silver 1 0.10 - 3.70 1 ‘-23 I 37 1 
3.40 YES 

45.! 3 NNB-BCM-SD-99-07 1 .oo 18 I 37 45.9 YES 
Sodium ’ - 3,40 1,240 36 I 37 28,100 NNB-BCM-SD-99-20 NSV -- -- Thallium - I NSV NO 

0.50 12.4 0 I 37 -- *. NSV -- I -- 
II Vanadium 1 0.05 - 6.20 1 37 I 37 

NSV NO 

113 NNB-BCM-SD97-03 57,o 14 I37 1.98 YES 
II Zinc I n.in - 186 I 27 /r!% 652 NNB-BCM-SD97-03 150 23 I 37 4.35 YES 

I -. ’ - -I” 
I 

“’ ’ “’ PesticidelPoiychlorinated Biphenyls (UGIKG) 

4,4’-DDD 1 3.28 - 93.0 1 35 t 37 1 130 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2 - Macronutrient - Not considered to be a COPC 

I 1 NNB-BCM-SD-99-01 1 16.0 1 18 / 37 1 8.13 1 YES 

DRAFT 
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Table 3-18 
Step 2 Screening Statistics - Surface Sediment 

11 1 WJlcfllorobenzene 

I 64.0 - 2.200 I l-l / 37 I -- 

53.0 - 2,200 1 --0 / 32 -- 
2,2’-WxvbisU-chlorooropanej 

a. I 

3 d E;.Tri~hlnmnhannl -,7,v I .wrIl...l”y,,“,,“, 
2,4,6-Trichloroahenol 

- ..- -,-__ , -,-- - .-. . .- 

I -7cn c! nnn I n,ae I I hlC\/ I / I hlC\, I his-3 

.-.. -, ..- - , -- 

II 
2,4-Dichlorophenol 330 - 0 135 I 
2,4-Dimethylphenol 55.0 - 2,400 2,400 0 135 -- I ..-.. 

II 2,4-Uinitrophenol 
I ---- -I--- I - , -- I 

11 2,4-Dtnftrotoluene 1 
I I 

40.0 - 2,200 1 0 I32 . . I . . 1 1 -3 / .I 1 1 NO 

11 2-Chlorophenol 59.0 - 2,400 1 0 I 35 . . 

z-Metnyrpnenor _ . 63.0 - 2,400 1 0 I35 

4-Ghloro-3-methvlphenol 
11 4-Bromophenyl-phenylether ^.. I.. 46.0 - 2,200 1 0 I 32 -- - 

4-Chloroaniline 
4.Chlorophenyl-phenylether 

, 4-Methylphenol 

-, . . ._ 
47.0 - 2,200 0 130 . . . . NSV -- ; . . 

50.0 - 2,200 0 I32 -- . . NSV -- I -- NSV NO 
48.0 - 2,400 1 I34 73.0 NNB-BCM-SD-99.15A 670 0 I34 0.11 NO 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2 - Macronutrient - Not considered to be a COPC 

DRAFT 
Page 3 of 6 



Table 3.18 

Step 2 Screening Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

chemical 

Maximum Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum Screening Frequency of Hazard 

Range Detection Defected Concentration Value Exceedance Quotient’ COPC? 
-__. _ , -_ .,A., Llr.,, Llrn 

V-I 

4-Nitroaniline 790 - 5,600 0 I 32 .” . . N3V -- I -- WV NV 

4-Nitrophenol 57.0 - 6,000 0 I35 -- . . NSV -- I -- NSV NO 
Acenaphthene 770 - 7.700 4 I 32 170 NNB-BCM-SD97-13 16.0 4 -. .” -I--’ -- 

iii 

I 32 10.6 YES 
Acenaphthylene i 28.0 - --.- 2.200 -I-_ - 1 1 I32 1 NNB-BCM-SD97-08 I 44.0 I 1 I 32 I 2.02 I Y Es . 

I- Anthracene Benzo(a)anthracene 27.0 24.0 - - 2,200 2,200 15 3 I I36 32 210 700 NNB-BCM-SD97-08 NNB-BCM-SD97-08 85.3 261 2 5 I32 I36 2.46 2.68 YES YES 
32.0 - 2.200 14 I 36 450 NNB-BCM-SD-99-04 430 3 I 36 1.05 YES Benzo(a)pyrene 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butvlbenzvlohthalate 

--_ .,~~ 
18.0 . 7 7fM 

-,-“” 
1 73 / 33 -9 ; 

j9 
1 !%I0 

..-- 
1 NNB-BCM-SD-99-04 __. - __... _- _- _. I 3.200 0 I 36 0.31 NO 

23.0 - 2,200 130 NNB-BCM-SD-99-03 670 0 I33 0.19 NO 
--,. 

1 32.0 - 2,200 14 I36 560 NNB-BCM-SD97-08 1,800 0 I 36 0.31 NO 
I 47 n - 7 7nn I l/82 I 99.0 l NNB-BCM-SD-99-01 I 63.0 1 I 32 1.57 YES ,. .” -,-“” “” 

1 160 - 2.200 I 1 132 i---%G- 
I 

- _-. -~ ~~ 

I NNB-BCM-SD97-08 I 1,800 I 0 I 32 I 0.16 I NO II Carbazole I __ I __ 
Chrvsene I 75n.73nnl 17/33 I 9.10 t NNB-BCM-SD97-08 I 384 I 5 I 36 1 2.42 1 YES 

..“.” -I-“” .-- 61.0 - 2,200 16 iii 830 NNB-BCM-SD-99-22 11400 u I 36 I 0.59 NO 
51.0 - 2,200 3 I 32 220 NNB-BCM-SD-99-11 

I 
hii I 0 I 35 1 0.58 1 

Indeno(l,2,3-cd)pyrene -. .- _,-_- , -- J lsophorone 1 53.0 - 2,400 1 0135 I . . I . . 1 NSV 1 -- I -- 1 NSV 1 NO 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2-M: \@rient - Not considered to be a COPC 
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Table 3-18 
Step 2 Screening Statistics - Surface Sediment 

Naval Station Norfolk, Norfolk, Virginia 

I 1 Maximum 1 Maximum 

Reporting Limit Frequency of Concentration Sample ID of Maximum Screening Frequency of 
I 

Hazard _ 

Chemical Range Detection Detected Concentration Value Exceedan 
Bromoform 13.0 - 35.0 0 I 12 I. . . NSV -- I -- 
Rrnmnmath~na Icon . !xn n I in .I . . NSV -- I -- 

--_-.~ __. 
1 13.0 - 35.0 1 0 I 12 1 -- ! . . 1 NSV 1 -- I -- 1 NW 1 NO 11 1 Chloroform 

Chloromethane I 13.n - 3!i.o I O/II I -- I . . I NSV I - / -- I NSV I h11-1 11 .-.. --.- . I 1.” 

I n Id.7 I I I hlC\l I / _- I hlC\I I k’,-% 11 __ 

!ene 
I 10.0 - 15.0 I 11 / 11 I 210 I NNB-BCM-SD97-04 I NSV I -- I -- 

II 
,..-,,, .“.,_ -I..“,r... I .--- .-.- I 
Styrene 1 13.0 - 35.0 1 0 I 12 1 -- r. 1 NSV 1 -- / -- 1 NSV , IVU 11 . ,I.ii,.i*i. 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
2-M? trient - Not considered to be a COPC 

_’ 
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Table 3-19 
Hazard Quotients For Upper Trophic Level Receptors From Food Web Exposures - Step 2 

Naval Station Norfolk, Norfolk, Virgjnia 
Raccoon Mink Muskrat Belted kingfisher Great blue heron Mallard 

Chemical NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL 
lnoraanics 

I I 

II Selenium 1 0.95 0.58 1 0.82 1 ( 
Cibrar nnn I I 

4,4’-IJUU 1 10.01 1 co.01 1 c 
4$-DDE 1 0.07 1 0.01 1 0.69 1 0.14 1 < ..--- 

Aldrin 
alpha-BHC 
alpha-Chlordane 

11 beta-F$ ! I u co.01 <O.dl ~- <O.Ol <( ._ 

11 warln 

tndosulfan II 
Endrin 
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Table 3-l 9 
Hazard Quotients For Upper Trophic Level Receptors From Food Web Exposures - Step 2 

Chemical 

gamma-BHC(Lindane) 
II aamma-Chlordane 

Heptachlor epoxide 
I Methoxvchlor 

Raccoon 
NOAEL LQAEL 

<OS01 <O."' 

Naval Station Noriolk, Norfolk --- . . ; Virginia 
II 

.- 
Mink Muskrz. It 1 Belted kinafisher 1 Great blue heron 1 __.__.. ._..._.._.._ _~~.~~ .._. - Mallard 1 

NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL NOAEL 1 LOAEL 
/nni I mni .dnt I <nni <nni I <n.ni cf.01 I <O.Ol <O.Ol I <O.Ol 

I ,n n, I A-l 
“8 ‘V.” 1 .V.” I _I”.“. -“.“. __.-. 

<v.v I VLOl <O.Ol co.01 eo.01 -co.01 
o.02 .-,- am -.- -.- - - 

to.01 co.01 co.01 <O.Ol 
<O.Ol <O.Ol <O.Ol <O.Ol <O.Ol co.01 co.01 co.01 <O.Ol <O.Ol <O.Ol co.01 
<O.Ol co.01 0.02 to.01 <O.Ol <O.Ol 0.03 <O.Ol 0.03 <OF01 <O.Ol -co.01 
<O,Ol to.01 <O.Ol co,01 co.01 <O.Ol co.01 <O.Ol <OS01 (0.01 <OS01 co.01 
<O.Ol <O.Oi co.01 <O.Ol <O,Ol <O.Oi 0.04 co.01 0.04 <O.Oi <o-o1 <O.Ol Toxaphene _._ _ 

Volatile and Semivolatile Organics I I I I II 
1,1,2,2-Tetrachloroethane <O.Ol I (0.01 I co.01 I co.01 <O.Oi 
1.2.4-Trichlorobenzene -^V ' J3 <v .u 

It 

z-1 
,._.. . ._ _..-_ ._ 

1,2-Dichlorobenzene co.01 1 <O.Ol J <0.01 1 co.01 I <O.Ol 

II .).--. 
_ _ . _ _ _ - 

4.Brnmnnhwwl.nhanvlathcx 

.~. _-~~~~ 
I co.01 NA NA NA NA NA NA 

-01 1 <OS01 I <O,Ol <O,Ol co.01 <O,Ol <O.Ol co.01 <O.Ol (0.01 <O.Ol 

. .; ---- --- 
I -co.01 <O.OJ <O.Ol <O.Oi to.01 <O.Oi co.01 

<O.Ol <O.Ol <O.Ol 40.01 to.01 <OS01 40.01 <O.Ol <OS01 
to.01 * co.01 _ 40,Ol . <O.Ol _ <O.Ol . co.01 <O.Ol . to.01 <O.Ol <O.Ol t II 1,3-Dichlorobenzene 1 <O.Ol 1 <O.Ol 1 co.0 

1.4-Dichlorobenzene I 40.01 I <O.Ol I 
1 iA 1 NA 1. NA I NA I NA I NA I NA I NA I NA I NA I NA I NA II ~“I,,” ,IIS. * p”“” *-..a-. 

hfornnhmvbnhnnvfether 
. ,, * . . . . 

1 NA 1 
NA . NA , NA . -~ , 

I I 1 NA 1 NA 1 NA 1 NA I NA 1 NA I NA 1 NA 11 4X.I '.-.-I-.'-.',. , -. - . _ 
Acenaphthene <O.Ol <O.Ol -co.01 10.01 I <O.Ol <O.Ol co.01 <O.Ol <O.Ol -co.01 <O.Ol <O.Oi II 
Acenaphthylene io.01 <O.Ol <O.Ol I <O.Ol I to.01 
Anthracene *n r-t+ ,n n4 ,n 

Benzo(a)anthracene 0.02 <O.Ol 0.03 <OS01 co.01 
Benzo(a)pyrene co.01 co.01 - -~~ 0.02 <O.Ol <O.Ol <O.Ol <O.Ol 1 en.01 I .-.-. 
Benzo(b)fluoranthene <O,Ol <O.Ol 0.05 <O.Ol 0.01 x0.01 co.0 r--t-cl 

cn.01 I. <O.Ol I . .-.- I --.-. <O.Ol I co.01 1 
I eo.01 I <O,Ol -l--zvt 

Benzo(g,h,i)perylene co.01 <O.Ol <O.Ol co.01 <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol <OS01 <O.Ol \ -co.01 
Benzo(k)fluoranthene I <O.Ol ~-_L <o.q Em 0.03 <O.Ol so.01 <O.Ol <O,Ol co.01 co.01 <O,Oi -co.01 ( <O.Ol 

I <O.Oi <O.Ol <O.Ol <O.Oi <O.Ol <O.Ol <OS01 
<V.VI , ~V."I , \".Ol to.01 <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol co.01 

I eo.01 -co.01 <O.Ol <O.Oi -co.01 <O.Oi co.01 1 

1 to.01 co.01 0.04 <O.Ol 0.01 <O,Ol co.01 <O.Ol co.01 <O.Ol co.01 -co*01 
)I <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol co.01 <O.Ol <O.Ol to.01 <O.Ol _I 

I 

Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 

V.“” -w..# . 

<O.Ol <O.Oi <O.Ol -co.01 co.01 <O,Oi NA 
NA . . 

NA 
co.01 co.01 <O.Ol <O.Ol <O.Ol <O.Ol NA NA NA NA NA NA .--. 
40.01 <O.Ol 0.02 <O.Ol <QOl <O.Ol <O.Ol <O.Ol <O.Ol <O.Ol to.01 -co.01 
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Table 3-19 
Hazard Quotients For Upper Trophic Level Receptors From Food Web Exposures - Step 2 

Naval Station Norfolk, Norfolk, Virginia 
Raccoon Mink Muskrat Belted kingfisher Great blue heron 

NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL NOAEL LOAEL 
0.04 co.01 0.10 <O.Oi 0.03 co.01 0.03 0.01 0.03 0.01 
to.01 co.01 <O.Ol -co.01 co.01 <O.Ol <O.Ol <O.Ol to.01 co.01 
0.03 co.01 _ 0.10 , 0.01 _ 0.03 <O.Ol I 0.01 co.01 . 0.01 <O.Ol 

Chemical 
Pentachlorophenol 
Phenanthrene 
Pyrene 

Mallard 
NOAEL LOAEL 

<O.Ol <O.Ol 
<O.Ol <0.0-l 
<O.Ol co.01 
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Table 3-20 
Summary of COPCs - Step 2 

Naval Station Norfolk, Norfolk, Virginia 

Surface Water I Sediment 
MD t MRL 1 NSV I MD t MRI 

I Food Web 

- . . . . . . - -..*“.“...,.” 

l-leptach tar 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 

I\ 

x I I 
X I 
X I x 

1 x 
,. 

1 x 1 I I 

MD - Maximum Detection 
MRL - Maximum Reporting Limit 
NSV - No Screening Value 
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Table 3-20 I 
Summary of COPCs - Step 2 

L-IVItN lytl IcqJl I11 Icut It2 

2-Methylphenol 
4-Bromophenyl-phenylether 
4-Chloro-3-methyfphenol 
4-Chlorophenyl-phenylether 

I. t t . I 

1 x 1 I 
X I X 
X 

I f x 

MD - Maximum Detection 
MRL - Maximum Reporting Limit 
NSV - No Screening Value 
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Table 4-1 
Sediment Bioaccumulation Factors For Plants, Benthic Invertebrates, and Fish - Step 3 

Naval Station Norfolk, Norfolk, Virginia 
Sediment-Plant BCF ldrv weiahtl 1 SedimentJnvertehrate RAF (dw w&ht) 1 

II Chemical Value 1 Reference \-‘, ----w---1 . 1 --- Value . . . . -.._ . . . . 1 -..--.-.- Reference -.. ’ 1 Value 1 Reference 
. !I 

Sediment-Fish BAF Idrv weiahtl 

lnorganics 

Arsenic 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Selenium 
Zinc 
PesticideslPCBs 

4,4-DDE 
Aroclor-I 016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-I 248 
Aroclor-I 254 
Aroclor-I 260 
Semivolatile Organic Compounds 
Hexachlorobenzene 

0.04 Bechtel Jacobs 1998a 0.44 Bechtel Jacobs t998b 0.13 Pascoe et al. 1996 
0.51 Bechtel Jacobs 1998a 0.68 Bechtel Jacobs 1998b 0.16 Pascoe et al. 1996 
0.05 Bechtel Jacobs 1998a 0.09 Bechtel Jacobs 1998b 0.04 Krantzberg and Boyd 1992 
0.12 Bechtel Jacobs 1998a 0,92 Bechtel Jacobs 1998b 0.10 
0.04 Bechtel Jacobs 

Krantzberg and Boyd 1992 
1998a 0.34 Bechtel Jacobs 1998b 0.07 Krantzberg and Boyd 1992 

0.34 Bechtel Jacobs 1998a 1.02 Bechtel Jacobs 1998b 3.25 Cope et al. 1990 
0.57 Bechtel Jacobs 1998a I .oo .” 1 .oo -- 

0.36 Bechtel Jacobs 1998a 0.95 Bechtel Jacobs 19986 0.15 Pascoe et al. 1996 

0.0048 Travis and Arms 1988 4.30 Oliver 1987 15.9 Oliver and Niimi 1988 
0.0224 Travis and Arms 1988 1.92 Bechtel Jacobs 1998b 8.64 Oliver and Niimi 1988 
0.0744 Travis and Arms 1988 1.92 Bechtel Jacobs 1998b 8.64 Oliver and 1988 Niimi 
0.0437 Travis and Arms 1988 1.92 Bechtel Jacobs 199813 8.64 Oliver and Niimi 1988 
0.0224 Travis and Arms 1988 1.92 Bechtel Jacobs 1998b 8.64 Oliver and Niimi 1988 
0,0101 Travis and Arms 1988 1.92 Bechtel Jacobs 199813 8.64 Oliver and Niimi 1988 
0.0068 Travis and Arms 1988 I,92 Bechtel Jacobs 199813 8.64 Oliver and Niimi 1988 
0.0045 Travis and Arms 1988 1.92 Bechtel Jacobs 1998b 8.64 Oliver and Niimi 1988 

0.0153 1 Travis and Arms 1988 1 .oo I __ 1 .oo I -. 
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Receptor 
Birds 

Belted kingfisher 

Great blue heron 
Mallard 
Mammals 
Mink 
Muskrat 
Raccoon 

Table 4-2 
Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 3 

Naval Station Norfolk, Norfolk, Virginia 
Body Weight (kg) Water Ingestion Rate (L/day) 

Value I 
Food Ingestion Rate (kg/day - dry) 

Reference Value I Reference Value I Reference 

0.148 Dunning 1993 090164 allometric equation 0.0180 USEPA 1993 

2.230 Quinney 1982 0.1010 allometric equation 0.3931 altometric equation 
1.177 Bellrose 1980 0.0658 altometric equation 0.0647 allometric equation 

0.777 Silva and Downing 1995 0.0218 USEPA 1993 0.0266 USEPA 1993 
1.169 Silva and Downing 1995 0.1139 allometric equation 0.0596 USEPA 1993 
5.940 Silva and Downing 1995 0.4921 allometric equation 0.1031 Conover 1989 
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Receptor 

Birds 
Belted kingfisher 

Great blue heron 
Mallard 
Mammals 
Mink 
Muskrat 
Raccoon 

Fish 

100 
0 

100 
0 

7.0 

Table 4-2 
Exposure Parameters for Upper Trophic Level Ecological Receptors - Step 3 

Naval Station Norfolk, Norfolk, Virginia 
Dietary Composition (percent) Sediment Ingestion (percent) 

1 Aquatic Plants 1 Benthic Invertebrates 1 Reference Value 1 Reference 

0 Sample and Suter 1994 
USEPA 1993; Quinney and 

0 0 Smith 1980 0 Sample and Suter 1994 
86.7 10.0 Palmer 1976 3.3 Beyer et al. 1994 

0 0 USEPA 1993 0 Sample and Suter 1994 
90.6 0 USEPA 1993 9.4 Beyer et al. 1994 (raccoon) 
40.0 43.6 USEPA 1993 9.4 Beyer et al. 1994 A 
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Table 4.3 

Assessment Endpoint 

Survival, growth, and reproduction of 
benthic invertebrate communities 

Survival, growth, and reproduction of 
wetland plant communities 

Survival, growth, and reproduction of 
fish communities 

Survival, growth, and reproduction of 
wetland reptile populations 

Survival, growth, and reproduction of 
wetland reptile populations 

Survival, growth, and reproduction of 
amphibian populations 

Survival, growth, and reproduction of 
amphibian populations 

Survival, growth, and reproduction of 
avian wetland omnivore populations 

Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - Step 3 
Naval Station Norfok, Norfolk, Virginia 

Risk Hypothesis Measurement Endpoint Receptor 

Are sitevrelated chemical concentrations in surface water Comparison of mean chemical concentrations in 
and/or sediment sufficient to adversely effect benthic surface water and sediment with medium-specific 

Benthic 

invertebrate communities? screening values 
invertebrates 

Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in 
and/or sediment sufficient to adversely effect wetland plant surface water and sediment with medium-specific Wetland plants 
communities? screening values 

Are site-related chemical concentrations in surface water 
Comparison of mean chemical concentrations in 

and/or sediment sufficient to adversely effect fish communities? 
surface water and sediment with medium-specific Fish 
screening values 

Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in 
and/or sediment sufficient to adversely effect wetland reptile surface water and sediment with medium-specific Reptiles 
populations? screening values 
Are site-related chemical concentrations in surface water 
and/or sediment sufficient to cause adverse effects (on growth, 

Evidence of potential risk to other upper trophic level .” 

survival, or reproduction) to wetland reptile populations? 
wetland receptors evaluated in the ERA 

Are site-related chemical concentrations in surface water Comparison of mean chemical concentrations in 
and/or sediment sufficient to adversely effect amphibian surface water and sediment with medium-specific Amphibians 
populations? screening values 
Are site-related chemical concentrations in surface water 

Evidence of potential risk to other upper trophic level . . and/or sediment sufficient to cause adverse effects (on growth, 
survival, or reproduction) to amphibian populations? 

wetland receptors evaluated in the ERA 

Comparison of literature-derived chronic No 
Are site-related chemical concentrations in surface water Observed Adverse Effect Level (NOAEL) and Lowest 
and/or sediment sufficient to cause adverse effects (on growth, Observed Adverse Effect Level (LOAEL) values for 
survival, or reproduction) to avian receptor populations that survival, growth, and/or reproductive effects with 

Mallard 

may consume wetland prey from the creek? modeled dietary exposure doses based on mean 
surface water and sediment concentrations 
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Table 4-3 

Assessment Endpoint 

Survival, growth, and reproduction of 
avian wetland piscivore populations 

Assessment Endpoints, Risk Hypotheses, and Measurement Endpoints - Step 3 
Naval Station Norfok, Norfolk, Virginia 

Risk Hypothesis Measurement Endpoint Receptor 

Comparison of literature-derived chronic No 
Are site-related chemical concentrations in surface water Observed Adverse Effect Level (NOAEL) and Lowest 
and/or sediment sufficient to cause adverse effects (on growth, Observed Adverse Effect Level (LOAEL) values for Great blue heron 
survival, or reproduction) to avian receptor poputations that survival, growth, and/or reproductive effects with Belted kingfisher 
may consume fish from the creek? modeled dietary exposure doses based on mean 

surface water and sediment concentrations 
Comparison of literature-derived chronic No 

Survival, growth, and reproduction of 
mammalian wetland herbivore 
populations 

Are site-related chemical concentrations in surface water Observed Adverse Effect Level (NOAEL) and Lowest 
and/or sediment sufficient to cause adverse effects (on growth, Observed Adverse Effect Level (LOAEL) values for 
survival, or reproduction) to mammalian receptor populations survival, growth, and/or reproductive effects with 

Muskrat 

that may consume wetland plants from the creek? modeled dietary exposure doses based on mean 
surface water and sediment concentrations 
Comparison of literature-derived chronic No 

Survival, growth, and reproduction of 
mammalian wetland omnivore 
populations 

Survival, growth, and reproduction of 
mammalian wetland piscivore 
populations 

Are site-related chemical concentrations in surface water Observed Adverse Effect Level (NOAEL) and Lowest 
and/or sediment sufficient to cause adverse effects (on growth, Observed Adverse Effect Level (LOAEL) values for 

Raccoon survival, or reproduction) to mammalian receptor populations survival, growth, and/or reproductive effects with 
that may consume wetland prey from the creek? modeled dietary exposure doses based on mean 

surface water and sediment concentrations 
Comparison of literature-derived chronic No 

Are site-related chemical concentrations in surface water Observed Adverse Effect Level (NOAEL) and Lowest 
and/or sediment sufficient to cause adverse effects (on growth, Observed Adverse Effect Level (LOAEL) values for 
survival, or reproduction) to mammalian receptor populations survival, growth, and/or reproductive effects with Mink 

that may consume fish from the creek? modeled dietary exposure doses based on mean 
surface water and sediment concentrations 
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Table 4-4 

Step 3 Screening Statistics - Surface Water (Upper Reaches) 

Naval Station Norfolk, Norfolk, Virginia 

Maximum Sample ID of Mean 

Reporting Limit Frequency Concentration Maximum Arithmetic Screening Frequency of Hazard I II 

Chemical Range of Detection Detected Concentration Mean Value Exceedance Quot ient’ I PCOC?ll I J 
. . _ ,_ . . . . . -.~ _ . . ..-.. . 

alvchlorinated Biahenvls fUGILl - . , -. . . - . . . . - _ _ _ _ . *.--. ._ II \--..- II 

1 0.10 - 0.10 -- I . . I 0.05 I 0.001 I -- I -- 

I 
It 

I 

-..-” Heotachlor . . ..-.-..- 

It .‘-p‘--” Methoxvchlor -. -. . . - - 1 
11 Toxaphene 
II alohaChlordane 
II ---r.’ 

- _ _ -. _ 
nnmma.Chlnrriana 

- - I I 
--- 1 0.05 - . - 0.05 - i ; 24 1 -- I “. 1 0.025 1 0.0036 I -- / -- I 3$@J ;_ ..A6{ 

. / 
-. _._-_ _.____ 

1 0.50 - 0.50 0 24 1 -- I 0.25 0.03 
1 5.00 - 5.00 0 I 24 1 -- -. 2.50 0.011 -- I -- 
I 0.05 - 0.05 _.. _~. I 0 I 24 I -- I -” I 0.025 I 0.004 I -- I -- I I 
I nm.nnF; I n 134 I I. I . . I nn75 I n nnd I -- ;.. IQ 

NSV - No Screening Value 
1 - Shr -“\ 

P 
ells indicate hazard quotient based on reporting limits 
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Table 4-5 
Step 3 Screening Statistics - Surface Sediment (Upper Reaches) 

Naval Station Nqrfolk, Norfolk, Virginia 

Maximum Mean 

Chemical 

lnorganics (MGIKG) 

Aluminum 
Arsenic 
Barium - 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Screening Frequency of Hazard 

Range Detection Detected Concentration Mean Value Exceedance Quotient’ PCOC? 

~’ 0.30 - 248 25 I 25 21,600 NNB-BCM-SD-99-07 13,404 18,000 5 I 25 0.74 NO 
0.20 - 6.20 25 I 25 142 NNB-BCM-SD97-13 29.6 8.20 22 I 25 3.61 YES 
0.05 - 6.20 , 25 I 25 96.5 NNB-BCM-SD-99-07 52.8 48.0 12 I 25 1.10 YES 

II Bervllium II 1 0.05-3.70 m,.- A-^ 1 11 125 1 2.30 1 NNB-BCM-SD-99-08 [ 1.31 ne.l-:a 
1 

1 NSV -- / -- NSV YES .- 
I u.u!J - Y./U 22 I 25 1 

1 1 1 
159 1 NNB-BCM-SD-99-07 I 13.0 1 1.20 t 19 / 25 1 10.8 I YES 

11 chromium 1 0.10 - 6.20 1 25 I 25 1 1,480 1 NNB-BC 

II Gvanide 

II . Lead 
II Manganese 

II Mercury 

:M-SD-99-07 1 176 1 81 .O 1 17 / 25 2.17 YES 
I 0.05 - 6.20 I 22 / 2!i I 13.7 1 NNR.RCM.SnQ7.nrj 7.21 10.0 1 , e’25 0.72 NO 
, “.I”-“&” , GJ,Lil , L4D 1 IUIW”DWI-WY/-d 108 34.0 1 2; ; 25 3.18 YES 
I 0.07 - 1.fI-n I II75 I .5An I NNR.Rf%lknQ7.1? I n fin I NSV 1 / . . _. NW NI) 
1 0.10 ---- - 3.70 .._- 1 25 / r 25 -- 

-’ ‘” 
“a”” 

‘- 1 3,190 1 , 8II.L NNB-BCM-SD97-02 I”I,l “Y”, I” 267 ii.7 24 i 25 ii.;; YES 
1 0.05 - 6.20 1 25 I 25 1 284 1 NNB-B( :M-SD97-13 144 260 1 I 25 0.55 NO 
I 0.04 - 0.35 I In / 25 I n 89 1 NNR.RCM.Sf-L44.fl7 0.22 0.15 13 I 25 1.50 YES 

II 

_ -- 

1 .I”I.“I , “.IJ - “4” , Li) , ‘a , 1v.v 1 I’JIVD-DWI-WY/-Ud -. 1 24.8 20.9 15 / 25 1.19 “-- YES .-- 

II Selenium 1 0.25 - 6.20 1 6 / 25 1 2.60 1 NNB-B&l-SD-99-07 1 1.20 1 .oo 5 I 25 1.20 YES 

11 
. . . 
ylver 1 0.10 - 3.70 1 18 / 25 1 45.9 1 NNB-BCM-SD-99-07 5.22 1 .oo 16 I 25 5.22 YES 

:M-SD97-03 55.4 57.0 13 I 25 0.97 -!!a Vanadium 1 0.05 - 6.20 25 I 25 113 NNB-B( 
Zinc 1 0.10 - 18.6 25 I 25 652 NNB-BCM-SD97-03 m. *. . m ,- 1 321 150 20 / 25 2.14 YES . . * . 1 . .-. . . . ..-.._-. 1 1 

I 

‘-- 
, . . . ,1 1”,.. “I “V “I 

3.28 - 93.0 700 1 NNB-BCM-SD-99-n; 

-_ I hL. I I 
65.7 - 460 0 / 25 I -- I I AR.5 I 377 I -- / 

I 32.8 - 230 I 0 I25 I .” I 
II Aroclor-1248 . .--. 32-8 - 230 0 / 25 -- I “_ 

I I LL, I 
1 32.8 - 230 1 13125 1 540 1 NNB.BCM-SD++&’ ’ ’ ’ 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 
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Table 4-5 

$tep 3 Screening Statistics - Surface Sediment (Upper Reaches) 

Naval Station Norfolk, Norfolk, Virginia 
II 

1 
Maximum I I Jean, I ~11 

RanorQna Limit Freauencv of Concentration Sample ID of Maximum Arithmetic Screening I Freauencv ofl nazara I II 

, “.W” 3”.” , .,-_ , 

1.6A - 12.0 0 / 25 -- I 1 2.18 
1 II , 3.LO - L.J." , I ..- 

I I 4.31 I 10.0 I -- I -- I- __ 

2.10 7 23.0 0 / 25 -- 4.27 3.00 -- I -- 
. -. ^ ^^ 

“,.“” T”.V - -- 

3,28 - 23.0 0 I25 -- -. 
LI IUP II, I\"L"I IV 

I------ Heotachlor 1.64 - 12.0 1 I 25 10.0 NNB-BCM-SD-99-02 ~ 
4.3i 
2.49 5.00 1 I 25 1 0.50 I NO .- 

,.“. .-.- , - -- 

I&A - 120 1 / 25 7.80 1 NNB-BCM-SD-99-02 

II 
,.- . .-.- , 

..I^,,^ PLJf-- im.13n I 217.5 I 8.80 1 NNB-BCN 
I 

-- 
I-SD-$@-03 1 2.42 5.00 1 I 25 0.48 "I_" , -.-_ I 1 NO AI .- 

I 
T 

13 z I 
-~ 
10.0 L 

l- 

NNB-BCM-SD-99-01 1 2.38 12.0 

.l?zi- 
Semivolatile Or anic Corn ounds UGKG 

~ 

25 7.00 1 1 I 

n 7 20 . . I 

1, 
T 280 

,h..” -,--- - . -- 

' rr3 - 2,200 1 0 I20 1 -- . . 1 284 , v-v- , . 
I ._ 

-. 
t t 

283 1 110 I -- I 
366 I 29.0 I -- I 

25 1 0.34 1 NW 
II 

I.. I -. 
11 ;f,‘~u~‘I”“lI’y’F”,i’erlol I I. I I, - I-.TL,., I ” I L” , -I- , 

I 7~13 I 7n n I -. I -- Ii 2-Metnylnapnmaiene 
2-Methylphenol 
Acnnaohthene 

--.- -, .-- _ -_ 
1 48.0 - 2,200 1 0 / 20 1 -I ! . . -vu , . I.” _- - mm \ 1 --63.0 - 
I 77.0 - -t 

2,400 
2.200 

0 
-7 

I 23 
-Et- t 

I .- 1 368 1 
I NNB-BCM-SD97-13 1 288 1 -. .- -,--- 170 --..~ 

I mn.77nn I i17n I 89.fl 1 NNB-BCI\ , L”.” ‘m.,crr , .,-- , --..- I A-SD97.08 287 44.0 1 I20 2.02 YES 
1 27.0 - 2,200 1 2 / 20 1 2io 1 NNB-BCM-SD97-08 285 85.3 2 I20 2.46 YES 

1 24.0 - 2,200 1 .I0 I 24 1’ 700 1 NNB-BCM-SD97-08 322 261 5 I 24 1.23 YES 
I 23 n - 7~70~1 I 10 1 24 I 450 I NNB-BCM-SD-99-04 304 430 3 124 0.71 NO 

363 mn I 1 7n 1.57 YES 
“CR” -,--- 

Butyloenzylpnmalare 47.0 - 2,200 Y ho 9i.o NNB-BCM-SD-99-01 -v- wv.v , , __ , .._. __ 
Chrysene 25.0 - 2,200 11 124 930 NNB-BCM-SD97-08 358 384 5 I24 0.93 NO 
Dibenz(a,h)anthracene 50.0 - 2,200 3 120 110 NNB-BCM-SD-99-04 278 63.4 1 I20 1.74 YES 

NSV - No Screening Value 
1 - Sk ’ 

1 
cells indicate hazard quotient based on reporting limits 

// 1 
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Table 4-6 

Step 3 Screening Statistics - Surface Sediment (Lower Reaches) 

Naval Station Norfolk, Norfolk, Virginia 

Maximum Mean 

Reporting Limit Frequency of Concentration Sample ID of Maximum Arithmetic Screening Frequency of Hazard 

Chemical Range Detection Detected Concentration Mean Value Exceedance Quotient’ PCOC? 

(MGIKG) inorganics 
Aluminum I nm 410 I 19 1 i9 I 4 C ClAn 1 hlhlR~RPM~D.~g-09 1 5,892 1 18,000 1 0 I 12 1 0.33 1 NO 
Arsenic i 0.24 - r.-. 2.90 -.-- i 12 

6 
/ 
; 

12 

ii 
i I 24.1 - I I NNB-BCM-SD-99-12A - - __ _ _ 1 12.2 1 8.20 1 7 / 12 1 1.48 1 YES 

Barium 1 0.06 - 2.90 1 1 40.2 I .NNB-BCM-SD-99-09 1 21.1 1 4890 I 0 I 12 1 0.44 1 NO 11 
Beryllium 0.06 - 1.80 9 I 12 10.9 NNB-BCM-SD-99.ISA 2.37 NSV -- I -- NSV YES - ~~-__ 
Cadmium 0.06 - 1.80 IO I 12 8.30 NNB-BCM-SD-99-15A 2.65 1.20 9 I 12 2,21 YES 
Chromium n49 - 9nn 19 / i9 Q4K hlhlR-RPhLcn-l-la~1 EA 68.0 81 .O 2 I 12 0.84 NO 
Cobalt 1 0.06 - 2.90 i 11 I 12 i 23.1 i NNB-BCM-SD-99.12A i 6.00 10.0 2 I 12 0.60 NO _ _ .- . 
Copper 
Cyanide 
Lead 
Manganese 
Mercury 
Nickel 
Selenium 
Silver 
Vanadium 
Zinc 
PesticidelPoiychiorinated Biphenyis (UGIKG) 
4/I’-DDD 
4,4-DDE 
4,4’-DDT 
Aroclor-I 016 

ii Aroclor-I 221 I 66.6 - 240 1 0 I 12 I .” I .- I 

_._- -.__ 
0.12 - 2.90 12 ; ;i ;ii NNB-BCM-SD-99-I 1 32i 34.0 5 I 12 0.95 NO 
0.24 - 0.77 0112 -- -. 0.21 NSV -- I -- NSV NO 
0.12 - 1.80 12 I 12 93.0 NNB-BCM-W-99-11 44.6 46.7 5 I 12 0.96 NO 
0.06 - 2.90 12 I 12 249 NNB-BCM-SD-99-09 90.2 260 0 I 12 0.35 NO 
0.04 - 0.14 9 I 12 0.23 NNB-BCM-SD-99-11 0.12 0,15 4 I 12 0.77 NO 
0.18 - 2.90 12 I 12 44.3 NNB-BCMSD-$9.15A 16.1 20.9 5 I 12 0.77 NO 
0.30 - 2.90 IO I 12 3.40 NNB-BCM-SD-99-12A 1.74 1 .oo 9 I 12 1.74 YES ~- - 

-. 0.12 - 1.80 5 I 12 2.10 NNB-BCM-SD-99-I 1 0.75 1 .oo 2 I 12 0.75 NO 
0.06 - 2.90 12 I 12 .64.1 NNB-BCM-SD-99-09 30.1 57.0 1112 0.53 NO 
0.12 - 8.80 12 I 12 268 NNB-BCM-SD-99-11 118 150 3 I 12 0.79 NO 

3.33 - 12.0 11 I 12 110 NNB-BCM-SD-99-09 20.1 16.0 4 I 12 1.25 YES 
3.33 - 12.0 11 I 12 160 NNB-BCM-SD-99-09 24.1 2.20 6 I 12 11.0 YES 
3.33 - 12.0 11 II2 18.0 NNB-BCM-SD-99-I 1 4.83 1.58 7 I 12 3.06 YES 
33.3 - 120 o/12 -- *- 30.5 22.7 -- I -1 : 

61.0 22.7 1 -- / -- 

1 . . ..“1”1 * ..“I 

Aroclor-I 242 
Aroclor-1248 

““.” n-v , 1 I 

33.3-120 1 Ol 
Wm.. 

22.7 1 -- ; -. 
--.- .-- I I --.- I 

I 33.3 - 120 I 0;;; 1 -. I .a 1 30.5 1 ;;;j 1 . . ; . . 

II Aroclor-I Aroclor-I 260 254 1 I 33.3 33.3 - - 120 120 I 1 0 0 / 112 12 I 1 -- -- I -- _- 1 I 30.5 30.5 

NSV - No Screening Value 
1 1 Shaded cells indicate hazard quotient based on reporting limits 
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Table 4-6 
Step 3 Screening Statistics - Surface Sediment (Lower Reaches) 

Naval Stafion i’jorfolk, Norfolk, Virginia 

Maximum Mean 

Reoortina Limit Freouencv of Concentration Sample ID of Maximum Arithmetic Screening Freauencv of Hazard 

11 End&lfan II 3.33 - 12.0 o/121 -- -. 3.05 10.0 -- I -- &@&j~ ~>. p 
._.-,; ; 

-. , - _ -. - 
- -. - -. _ - _._- .-._ 

Endrin 3.33 - 12.0 o/12 -‘- -- -. 3.05 3.00 -- I -- ._.X_ 
Endrin aldehyde 3.33 - 12.0 0112 -- .- 3.05 3.00 .- / -. 1::: ~aqt,f\, ,t!;g i 

& 

II Endosulfan sulfate I 3.33 - 12.0 I o/12 I -- I .- I 3.05 I 10.0 I -- I -- 

Semivolatlle Organic Compounds (UGIKG) 
l-2.4.Trichlorobenzene I 43.0 - 1.200 I 01121 -- -- 

II 

I I 292 40.0 ‘8 ,& :r) -- I -7 :, “‘i’” 
1,2-Dichlorobenzene 1 56.0 - I;200 1 o/121 -- “_ 293 35.0 -- / -. 

.- 
55.0 - 1,200 1112 1 58.0 1 NNB-BCM-SD-99-15A 1 275 85.3 0 I 12 1 I 

I NNB-BCM-SD.99-15A I 

s 

.- - ---- 

-- -- 

.-- 

I 

222 I 261 --- 

--. 

I 0 /I2 I I I 
1 NNB-BCM-SD-99-15A 1 236 430 0 ; 1; I 

I 
1 Dibenz(a,h)anthracene 51.0 - 1,200 I 2 I 12 81.0 1 NNB-BCM-SD-99-11 1 252 63.4 2 I 12 1 1.28 1 -YES 1 

NSV - No Screening Value 
1 -Sk ’ 

b 
cells indicate hazard quotient based on reporting limits 

/ 
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Table 4-6 

Step 3 Screening Statistics - Surface Sediment (Lower Reaches) 

Naval Station Norfolk, Norfolk. Virainia 

Maximum 

Chemical 
Reporting Limit Frequency of Concentration Sample ID Of Maximum 

Range Detection l 

Diethylphthalate 54.0 - 1,200 2 I 12 1 

Pent&hlo;ophenol 37.0 - 2,090 ‘0 ; ;; 1,. .I “V 
r. I 

Phenanthrene 59.0 - 1,200 5 I 12 250 NNB-BCM-SC 

II 2-Butanone 

II Acetone 13.u - I3.U u / I 
.I 

. . 

I 
I. ,.J” , , 

. . 1 7.50 1 NSV 1 

11 Carbon disulfide 
II Ethvlbenzene 

1 15.0 - 15.0 1 O/l 1 . . 

1 
._._ I I 

Methylene chloride I 10.0 - 10.0 .-.- I ;;; I 180 I NNB-BCM-SD97-1.5 I I 180 1 NSV 1 -- / .- 1 1 

1 __ I,J” , 

7.50 1 NSV I -1 NSV NT) 11 

I .- _ _... ___. .- YES 

Vinyl chloride 1 1 
( NSV 

15.0 - 15.0 0 / 1 1 ‘.L 1 I” 1 7.50 1 NSV 1 -- I -- 1 NSV NO 

NSV - No Screening Value 
1 - Shaded cells indicate hazard quotient based on reporting limits 

DRAFT 
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Belted kingfisher 
NOAEL 1 LOAEL 

Great blue heron 
NOAEL 1 LOAEL 

Mallard 
NOAEL 1 LOAEL 

Table 4-7 
Hazard Quotients For Upper Trophic Level Receptors From Food Web Exposures - Step 3 (All Areas) 

& 

0.32 1 0.06 1 0.47 1 0.09 1 0.02 1 <O.Oi 
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60'0 1 LP'O 

80'0 08'0 
PO'0 96'0 
PO'0 9E'O 
10'0 I. 91'0 
10'0 91'0 
CO'0 ZE'O 

90'0 1 ZE'O lO'O> 1 lO'O> lO'O> 1 lO'O> 

SO'0 8P'O 10'0' 10'0' PO'0 oz.0 
10'0 11'0 10'0' 10'0' 10'0 60'0 
20'0 ZZ'O 10'0' 10'0' 10'0 61'0 
10'0' 01'0 10'0' 10'0' ZO'O 61'0 
10'0' 01'0 10'0' 10'0' 10'0 61'0 
ZO'O 61'0 10'0' 10'0 PO'0 LE'O 

01'0 10'0' 10'0' 10'02 1.0'02 
1 6L'O 1 LO'O> 10'0' lO'O> 

I CO'0 

10'0' 1 EO'O> 

10'0' 10'0 
10'0' 10'0' 
10'0' ZO'O 
lO'O> 10'0 
10'0' 20'0 
10'02 PO'0 
10'0' lO'O> 
10'0' 1.0'02 _ 

auatuaqoJojy3exaH 
squekg al!jeloyluag 

09Zl-JWOJV 
t??ZI-JOWJb' 
8PZl-JWOJt 
ZPZC-JOPOJV 
ZEZC-JWoJ'i 
CZZL-JW'JV 
SlOl-JWJV 

3aa-,e'v 

(sayaeau laddn) $ dais - samsodxg qaM pood lu0.1~ sroldaoatl IaAal cyqdodl laddn JO-J stua!tono plezeH 
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Table 4-9 
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Table 4-10 
Summary of Preliminary COCs - Step 3A 

Chemical 
Detected Chemicals With Scre 
Aluminum (total) 
Aluminum (dissolved) 

Arsenic 

Barium 
Cadmium (total) 
Chromium 
Copper (total) 
Copper (dissolved) 
Iron (total) 
Iron (dissolved) 
Lead (total) 
Manganese (total) 
Manganese (dissolved) 

Mercury 

Mercury (dissolved) 
Nickel (total) 
Selenium 
Silver 
Zinc (total) 
4,4'-DDD 
4,4’-DDE 
4.4'.DOT 
alpha-Chlordane 

Naval Station Norfolk, Norfolk, VA 

FOD FOE 
Maximum 
HQlConc 

Mean 
HQlConc FOD FOE 

Maximum 
HQlConc 

Mean 
HQ/Conc 

ling Values 
21124 21124 75.9 13.5 
17124 IO/24 13.8 2.02 

1 25/25 ( 22/25 1 17.3 3.61 

25125 IL, LJ G.31 1.10 
5124 5124 3.29 I .05 22125 19125 133 10.8 

25125 17125 18.3 2.17 
24124 24124 17.5 9.07 2512.5 23125 7.24 3.18 I __. 

-- 
.- -..- 

23124 23/24 25.2 12.6 
24124 20124 17.6 4.93 
24124 9124 4.18 1.23 
22/24 1 11/24 1 14.9 1 2.28 1 25125 1 24125 1 CO ') I r 71 

24/24 1 24/24 1 41.2 1 25.8 1 I I 
24/24 1 24/24 } 35.6 1 22.4 1 I I I 

I I I I 
1312.5 13125 5.93 1.50 

7124 7124 12.1 1.00 
- 18124 13124 5.04 1.47 25125 15125 3.39 I,19 

6/25 512.5 2.60 1.21) _. -- -. 
-- 18125 16125 iii '--- 5.22 

24/24 1 IO/24 1 6.65 1.15 25125 20125 4.35 2.14 
24125 14125 8.13 1.87 
23125 21125 318 25.4 
15125 15125 88.6 11.2 

Heron I NOAEL I 1 .I8 I I ( 

Kingfisher 
Kingfisher 

Heron 
Heron 

NOAEL 3,05 
LOAEL 1.02 
NQAEL 4.95 
LOAEL 1.65 

Heron NOAEL 1.30 

FOD - Frequency of Detection DRAFT 
FOE - Frequency of Exceedance Page 1 of 4 



Table 4-l 0 
Summary of Prellminary COCs - Step 3A 

Phaminal I FOD I FOE I MHadl’FZ’ I disc I FOD FOE 
I25 13125 23.8 4.17 II Aroclor-I Dieldrin 260 I I I I 1 1 13 l/25 1 l/2- ' --- - _ _, 

gamma-Chlordane 
2-Mathylnaphthalene 
Acenaphthene 

.- -.-- -.-_ 

4120 4120 10.6 -1 

r Acenaphthylena II20 II20 2.02 -- 
I . , ̂ ^ ^ I^^ ^ .^ 

II Anthracene 
Benzo(a)anthracene 
Butylbenzylphthalate 
Dibenz(a,h)anthracene 
Diethylphthalate 
Fluorene 
PAH (total) 
Phenanthrene 
Detected Chemicals Without Screening Values 
Beryllium I I 
1,BDict. \ lloroethene (total) , I I 
2-Butanone I I 
Acetone 

11 Carbon-disulfide 

:u %,4b: . . 
lo’^’ . Cl..‘ I n-n I a .-.n 

II20 II20 1.57 -- 
3120 I/20 1.74 -- 
3122 3122 18.5 2.42 
2/m I 3/m I All I . . 

, lpi v-125 1 8125 1 2.40 I 1.29 
I 4.4 IAl I A ,011 I II/L4 1 4IL4 1 c nn J.VU 

I 

4 on 
I.-J” 

,I1125 1 -- 2.30 mglkg 1.31 mglkg 
-... I 

I 2111 I -- 10.0 uglkg -- 
1 7/11 I -- 71 .O uglkg 32.7 uglkg 
1 IO/IO I -* 460 uglkg 144 uglkg 

iglkg I ! I I 1 2 I9 1 -- 1 59.0 uglkg I 16.2 u 
Methylene chloride 
Vinyl chloride 

I I I 1 
I I 2 / 9 1 -- 1 32.0 uglkg I 13.1 uglkg 

1 IO/IO 1 -- 1 210 uglkg 1 47.2 uglkg 

I 
I 

I I II 

FOD - Frequency of Detection 
FOE “uency of Exceedance 

I 

DRAFT 
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Y 

FOD - Frequency of Detection 
FOE - Frequency of Exceedance 

Food Web 
Mean 

Receptor Endpoint HQ 

I I 

I 

I I 

Kingfisher 1 NOAEL 1 1.56 

Heron I NOAEL I 2,53 

DRAFT 
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Table 4-10 
Summary of Preliminary COCs - Step 3A 

Chemical 
Aroclor-1260 
Dieldrin 
gamma-Ghlordane 
2.Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 

Naval Station 

Surface Water 

FOD FOE 
Maximum 
HQlConc 

Mean 
HQlConc FOD 

Surface Sediment Food Web 
Maximum Mean Mean 

FOE HQlConc HQlConc Receptor Endpoint HQ 

I I I I I I 
II 

9 / 12 1 -- 1 10.9 mglkg 1 2.37 mg/kg I I 
I I I -I 

FOD - Frequency of Detection 
FOE ) uency of Exceedance 

DRAFT 
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Comparison of Sediment C rtitioning-Based Sediment Values 



Table 4-l 1 

II Chemical 

Comparison of Sediment Concentrations With Equilibrium Partitioning-Based Sediment Values 
Naval Station Nolfolk, Norfolk, Virginia 

Mean EqP-Based Value 1 Maximum Detected 1 Arithmetic Mean 
1 Concentration luo/kaI 1 1 TOC (%I 1 Wksl’ I Type 1 Reference 1 Exceedance I Ratio I Ratio II 

Frequency of 1 Maximum 1 Mean 
(ualka) _ - . _ _. . 

I , v  -r , , - -a . I . 
- 

-, 

_ . 

, 

__. _ _ . 

. 

Fluoranthene I 2,200 I 595 1 3.71 1 10,759 1 Fresh I USEPA 1996b I 0 I 
/ 

25 0.20 0.06 
” _ ~-... 

Fluoranthene 2,200 ! 595 1 3.71 1 5,194 1 Marine 1 USEPA 1996b I 0 I 25 0.42 0.11 
Fli tnmnc? I 78.c-l I I. I 3.71 I 2.003 I Fresh I USEPA 1996b 0 I 20 0.04 -- 

t6b 0 I 24 0.38 0.10 
I I ..- 

_.. . _ - 
Phannnthmm I 1:200 I 311 I 3.71 I 4.081 1 Marine USEPA 1996b I 0 / 24 I 0.29 I 0.08 II 

II , Phenanthrene *IX,“,,” I I 1.200 --_ I 311 I 3.71 I ai54 1 Fresh 1 USEPA 19: 



II Table 4-l 1 
Comparison of Sediment Concentrations With Equilibrium Partitioning-Based Sediment Values II 

I! Naval Station Norfolk, Norfolk, Virginia 
!I 

Chemical 

1,2,4-Trichlorobenzene 
1 ,PDichlorobenzene 

1,4-Dichlorobenzene 
Acenaphthene 

Maximum Detected Arithmetic Mean Mean EqP-Based Value Frequency of Maximum Mean 
Concentration (uglkg) MM) TOC (%) Odkg) Type Reference Exceedance Ratio Ratio 

. . 292 1.38 12,696 Fresh USEPA1996b -- I -- -- 0.02 

. . 293 1.38 469 Fresh USEPA 1996b -- / -- -- 0,62 

.I 293 1.38 483 Fresh USEPA 1996b -- / -- -- 0.61 .I 

. . 293 1.38 856 Fresh USEPA 1996b -- I . . . . 1 0.34 
II Acenaphthene I . . I 293 1 1.38 I 1,518 1 Marine 1 USEPA 1996b 1 -- I -- -- 1 0.19 

. . II Anthracene 58.0 1 1.38 1 I Fresh 1 Jonesetal. 1997 1 0 I 12 I ~0.19 I 

I . . 
II 

Butvlbenzvlohthalate 
Diethvbhthalate 

I I I I 292 --- I 1.38 .-- I 15.180 .-,.-- I Fresh I IISFPA lD!Xh I -- / -- . . . .I_.. . . ..-. . . ,---- 0.02 

II 
I 360 I 287 1 1.38 1 869 _._ I Fresh I i USEPA --- ~. 1996b --__ I i 0 (j I 12 0.41 0.33 

FII wwanthonn I cnn I mn I too I n nnr, C.nrk 
IICCDA 

i9g6b 1 12 0.12 0.06 
Fluoranthene 500 230 1.38 1,932 Marine USEPA 199613 0 I 12 0.26 0.12 
Fluorene I. 293 1.38 745 Fresh USEPA 1996b -- I -- -- 0.39 
Phenanthrene 250 223 1.38 1,173 Fresh USEPA 1996b 0 I 12 0.21 0.19 
Phenanthrene 250 223 1.38 1,518 Marine USEPA 1996b 0 I 12 0.16 0.15 
1 .I .I-Trichloroethane . . 7.50 1.38 23!i 1 Fresh IISEPA 1996h -- / -- -- I on3 

It ,I I ,FTrichloroethane , I I 
.-- 

I I “-- I I 1.656 --- 

.--.. 
1 

It 
I . . 7.50 1.38 I Fresh I Jones ---. 

. 
et al. . ._.I 1997 1 -- ; .I . . 0.005 -.-- 

1 .PDichloroethene Itotal\ I . . I 7.513 I 138 I 557 I Frnnh I .lnne.s et al, 1997 I -- / -- -- 0.01 

It Methvlene LUlylUPj~lLCillc7 chloride I 180 1. I I l&-l *aI I 1 I.!# 1.30 I 1 4,wo Fill 1 I rlewi Fresh l 1 .Innc?s uacrn nt al r996b 1 -- 0 1 I -- 1 I . . 1 0.002 
1997 I I 0.35 I 0.35 

1 ’ Normalized using the mean area-specific total oroanic carbon (TCC) concentration. I] 
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Chemical 

lnorganics (MG/KG) 
Aluminum 

Table 4-12 
\ 

Screening Statistics - Subsurface Sediment (Detects) 

Naval Stafion Norfolk, Norfolk, Virginia 

Frequency Maximum Maximum Mean 

Reporting of Concentration Sample ID of Maximum Arithmetic Screening Frequency of i-hard Hazard 

Limit Range Detection Detected Concentration Mean Value Exceedance quotient’ QUOtietl~ 

1 46.7 - 58.4 1 4 I 4 1 12,800 1 NNB-BCM-SD-99.12B 1 
II Arsenic 

II Cadmium 

11 Copper 
11 Iron 
11 Lead 

1.20 - 1.50 1 4 / 4 25.8 NNB-BCM-SD-99.12B [ 14.2 34.0 0 I4 0.76 0.42 
1 23.4 - 29.2 1 4 / i-1 21,400 j- I \lNB-BCM-SD-99-128 1 10,403 188,400 0 14 0.11 0.06 
1 0.70 - 0.88 1 4 I 4 37.8 1 NNB-BCM-SD-99-16B 1 24.7 46.7 014 0.81 0.53 

260 0 14 0.43 0.24 
0.04 - 0.06 1 1 I 4 0.12 1 NNB-BCM-S 

II Zinc I 3.50 - 4.40 I 4 I 4 I 72.0 1 NNB-BCMRD-9%17R l 37.2 150 0 I 4 0.48 

II 
-.__ _ -.- . . - - -... -- -_ .-- 

PesticidelPolychlorinated Biphenyls (UGIKG) 
II - II 4.4’-DDD 

414’.DDE 
1 4.20 ..-- 29.f-1 1 2 / 4 1 140 NNB-BCM-S 
1 4.20 - 

II 4.4’.DDT 

--.- 5.70 i;jii 3% ‘, -3.0 NNB-BCM-Si 
t 4.20 - !=.7fI 1 1 / 4 R nn NNR.RCM.SI 

dNB-BCM-SD-99-12B I 150 I 430 I o/4 I 0.15 I -- 11 Benzo(a)pyrene 420 - 570 2 / 4 64.0 1 E 
II Benzofblfluoranthene 1 420 - 5713 1 2 I4 1 741) 1 NNR.RCM-.W.Q%17R I 

- -_ .-- 150 670 o/4 0.09 -- 
I-99-12B 92.0 1,300 o/4 0.12 0.07 

1 Chrysene 1 420 - 570 1 2 I 4 1 84.0 1 NNB-BCM-SD-99-158 163 384 0 14 0.22 0.42 

Benzo(g,h,i)per$ene 
bis(2-Ethylhexyl)phthalate 

420 .-- - 570 -. - 2 ii 58.0 -‘I NNB-BCM-SD-99-12R . . . . - WV... “W W” ,-w 1 
420 - 570 414 160 NNB-BCM-SI 

213 I I 3.200 .-- 
I I 

-“- 
I 

0.08 1 0.07 

NSV - No Screening Value DRAFT 
1 - Shaded cells indicate hazard quotient exceeds one Page 1 of 2 





Table 4-l 3 
Summary of COCs II 

X - Potential risk drivers 
x - Other Dotential COCs 

DRAFT 
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Chemical 
inorganics (MGIKG) 
Arsenic 
Barium 
Cadmium 
Chromium 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Silver 
Zinc 
Pesticide/PCBs (UGIKG) 
4,4’-DDD 
4.4-DDE 
4;4’-DDT 
Aroclor-1260 
Dieldrin 
alpha-Chtordane 
gammaChlordane 
Semivoiatiies (UGIKG) 
2-Methylnaphthalene 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 

Table 4.14 
Surface Sediment Exceedance Summary By Area/Source 

Naval Station Norfolk, Norfolk, Virginia 

Camp Alien Landfill (Upper - 
Historical) Camp Allen Salvage Yard CD Landfill 

Maximum Mean Maximum Mean Maximum Mean 

FOE HQ’ HQ’ FOE HQ’ HQ’ FOE HQ’ HQ’ 

FOE - Frequency of Exceedance 
I - Shaded ceils indicate hazard quotient exceeds one; italics and dotted cells indicate HQ based on reporting limits 
Bold indicates highest HQ for chemical 

DRAFT 
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Table 4-14 

Surface Sediment Exceedance Summary By Area/Source 

1 Chemical 
Butyibenzyiphthaiate 
Dibenz(a,h)anthracene 
Diethyiphthalate 
Fluorene 
PAH (total) 
Phenanthrene 

I Bausch Creek (Upper) twoncai j 

FOE - Frequency of Exceedance 
1 - Shaded cells indicate hazard quotient exceeds one; italics and dotted cells indicate HQ based on reporting limits 

Bold ir 
‘) 

es highest HQ for chemical 

DRAFT 
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Table 4-15 
Spatial Comparison of Maximum Hazard Quotients in Surface Sediment (Ail Data) 

Naval Station Norfolk, Norfolk, Virginia 

DRAFT Page 1 of 2 
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Table 4-18 

Comparison of Chemical Concentrations in Surface and Subsurface Sediment 

Ail Samples 

Chemical Shallow’ 1 Deep’ 1 Same’ 

Metals 
L . I I 
Arsenrc 
Barium 

Silver 
Zinc 
PesticideslPCBs 

4,4'-DDD 
4,4-DDE 
4,4'-DDT 
alpha-Chiordane 

Aroclor-I 260 
Dieldrin 

il 1 0 - 
0 0 1 
0 2 1 

1 I 
~~ - 

gammaChlordane 0 1 I 
Semivolatile Organics (SVOCs) I 
DJethvlphthalate 0 I 0 I.1 

Oval Sfafion Norfolk, Norfolk, Virginia 

Landfill Samples* Lower Creek Samples3 

Shallow 1 Deep 1 Same Shallow 1 Deep I Same 

Tributary Samples4 

Shallow I Deep I Same 

--l- 
PI 4H (total) 0 2 5 
PAH (detects) 4 1 2 

35 22 39 Total - Metals 

Total - PesticidelPCBs 0 11 5 

Total n SVOCs 0 2 6 
Total - Ail Groups 35 35 50 

-. 

0 1 0 0 0 1 0 1 1 
0 2 0 0 1 0 0 0 1 
0 :I 0 0 0 0 0 1 0 
0 1 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 1 
0 1 1 0 0 0 0 1 0 
0 1 0 0 0 0 0 0 0 

n I 3 I 0 n I n I 1 0 1 0 I 0 1 ( 
- 0 2 0 0 I 0‘ 3 0 0 2 

0 1 I 3 0 0 1 0 1 
18 15 18 14 5 8 3 2 13 
0 7 1 0 1 1 0 3 3 
0 2 0 0 0 3 0 0 3 

' Shallow = >50% higher in shallow sample; Deep = >50% higher in deep sample; Same = Shallow and deep within 5~ 
* Sample locations SD92-AIO, SD92-A12, SD92-A14, SD92-A16, SD92-A18, SD92-804, SD92-B05 
a Sample locations SD99-15, SD99-16, SD99-18 
4 Sample locations SD99.12. SD!&15 
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Figure 3-3 
Sediment Sampling Locations 

Bausch Creek Ecological Risk Assessment 
Naval Station Norfolk, Norfolk, VA 
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Main Source 
Evaluated: 

Camp Allen 
Landfill (Site 1) 

Other Sources: 

Camp Allen 
Salvage Yard 

(Site 22) 
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(Site 6) 

Storm Water 
Outfalls 

I 
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--d Surface Runoff 1 
.,.. * ,,,..,,.,.,,,,..,.,,...,,.....,,..,.........,...... * . . . . . . . . . . . . . . ~ .,.....,....,................. * .,........ 
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i 

Biota 

*“-*.*.b Historical complete pathway 
e Current complete pathway 
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FIGURE 3-4 
PRELIMINARY DIAGRAMMATIC CONCEPTUAL MODEL 

BOUSCHCREEK 
l - Receptor evaluated quantitatively 
* - Receptor not evaluated quantitatively 
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..A ..c ,.: ‘>.,.J Underground Culvert 
Proposed l-564 Corridor (Approximate) 
Concrete Lined 

7) Surface Sediment 
l---l Subsurface Sediment 

HQ<l 
HQ 11 and HQ < 10 
Ii-i; ;l;nd HQ < 100 

Exceeds based on Detection Limit 

p!=!j 

.9 
Exceeds ER-M Arsenic 603 

NS Not Sampled 

Figure 4-l 
Inorganic COC Exceedances in Bausch Creek Sediments 

Bausch Creek Ecological Risk Assessmeni 
1 Bc-SD%io 1 Non-Salvage Yard Sample Naval Station Notfol k, Norfolk, VP 
Isv~sD9g-cBsl Salvage Yard Sample (to be addressed 

during salvage yard remedial actions) 

CH2MHIL 



LEGEND HQ < 1 
0 Sediment Sampling Location HQ 1 1 and HQ c 10 

Figure 4-2 - 
‘< Sediments . ..-.. / 

% 
Underground Culvert 

Organic COC Exceedances in Bausch Creel 
Bausch Creek Ecological Risk I Assessment 

Proposed l-564 Corridor (Approximate) 

l-i-i T ‘ll;nd HQ < 100 

Excgeds based on Detection Limit 
I I 

F i . . . U 
, .I 

1 1 Bc-sD99-10 1 Non-Salvage Yard Sample Naval Station Norfolk, Norfolk, VA 
Concrete Lined Exceeds ER-M Arsei I IL t iY-SD99-CB6 I Salvage Yard Sample (to be addressed 

1 Surface Sediment I 
during salvage yard remedial actions) 

1 Subsurface Sediment 1 NS Not Sampled CH2MHILL 
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Appendix A 
Analytical Data 



APPENDIX A - ANALYTICAL DATA 

SUMMARY OF DATA QUALIFIERS AND OTHER CODES 

NA 

B 

J 

K 

L 

R 

U 

UJ 

UL 

Not Analyzed 

Analyte not detected above associated blank 

Reported value is estimated 

Reported value may be biased high 

Reported value may be biased low 

Value unreliable (rejected) 

Analyte not detected 

Analyte not detected; quantitation limit is estimated 

Analyte not detected; quantitation limit is probably higher 

DRAFT 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

II I BC-SW97-01 I BC-SW97-02 I BC-SW97-03 1 



h..,i A-l 
Analglsa! Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

BC-SW97-01 BC-SW97-02 BC-SW97-03 

NNB-BCM-SW97.01 H NNB-BCM-SW97-OIL NNB-BCM-SW97-02L NNB.BCM-SW97-02H NNB-BCM-SW97.03L 
Chemical 03107197 03/i 0197 03107/97 03/l 0197 03107l97 

En&in 0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
Enrlrin nlrbhdn h+nlt I nin 11 nin II n1n II n.in LJ LIIUIUI cIIUw1yuFi “.I” ” “*I” ” “*I” ” _..” - 
Endrin ketone u u 0.10 0.10 0.10 u 0.10 u iI:;0 ; 

Heptachlor 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
Heptachlor epoxide 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 

Methoxychlor 0.50 u 0.50 u 0.50 u 0.50 u 0.50 u 
Toxaphene 5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 
alpha-BHC 0.050 u 0.050 u ’ 

1 
nnm 11 1 “.“bl” ” , n.nFio u -._-- - I n.050 u _.__- - I 

alpha-Chlordane 0.050 u 0.050 u 
..,Tr?. ,I u.uw u nncn I I I “.“il” ” n nrn i i “.“J” ” 

beta-BHC 0.050 u u 0.050 u 0.050 0.050 u 0.050 u 
delta-BHC 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
gamma-BHC (Lindane) 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
gamma-Chlordane I 0.050 u 1 0.050 u 1 0.050 u 1 0,050 u 1 0.050 u 

Semivolatile Organic Compo,..,, ,--,-, IldC 1llC/l \ I I I I I 

1,2,4-Trichlorobenzene 2.00 u 2.00 u 2.00 u 1 2.00 u 2.00 u 

I ,2-Dichlorobenzene 2.00 u 2.00 u 3nn ii 1 2.00 u 2.00 u 

1,3-Dichlorobenzene 2,oo u 2.00 u 1 2.00 u 1 LUU u 1 LJJU u 

1,4-Dichlorobenzene 2.00 u 2.00 u 1 7nn II 1 2.00 u I 2.00 u 
1 2.2’.O~~~icfi.~hlnrnnmnann\ I n7n II I n7n ii 

-.vv ” 

rr,u\ 1 “~l,“r”y,“ycuw, I “.I” ” I “.I” ” 0.70 u 0.70 u 0.70 u 

1 2,4,3. I nchlorophenol . 1.00 
^*^T... s 

I --- u .* 1 I 1.00 1.00 u 1.00 u 
- -- u . . 1.00 ^ _- u . . 

nnn ,I n RI-I I I 
2,4,tj- i ncnloropnenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
9 d.l%itr,-,nhntd 6.17 YII 11u vp IL.8 I”, 

2,4-Dinitrotoluene 

2.00 u LOO u ’ 
i 

7,111 I I , 
Ll”” v  , LT.“” ” I -._- - L.“” ” I 

10.0 u 10.0 u 4nnii I 1V.V ” Inn II I .“.V ., inn!1 I .“.” - 
1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
I nn ii I nn I I I nn i i i.nn u i.nn u 

I I.“” ” 1 I.“” ” , I.“” ” , . ..- - ..-- - 
1.00 u 1 1.00 u I mgul 1,oo u I 1.00 u 

II 3 G.lTnitrntnll IMP I InnIl I InnIl I innll I 1.00 u I 1.00 u I 

L-VI ll”l “I ‘.2~‘,11 IL+,“, IV 

2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 

I 2-Nitroaniline 

La”” ” 

2.00 u 
2.00 u 
1.00 u 
0.80 u I 

L.“” ” G.“” ” I.“.. - -.v- - 
2,oo u 2,oo u 2.00 u 2.00 u 
2.00 u 2.00 u 2.00 u 2.00 u 
1.00 u 1.00 u 1.00 u 1.00 u 
0.80 u ’ nnn Ii 0.80 u I 0.80 u I 
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Table A-l 
Analytical Data - Surface Water 

Naval Sfation Norfolk, Norfolk, Virginia 



Table A-l 
Analytica! Data = Su,qa- wa+nr “1 I.“‘“. 

Naval Station Norfolk, Norfolk, Virgina 

I BC.SW97.03 I -- -..-. -- 

NNB-BCM-SW97:&H I 1 NNB-BCM-SW97-OlL 1 I 03107197 I 03/I 0197 I NNB-BCM-SW97-02L 03/07/97 NNB-BCM-SW97-02H 03110197 NNB-BCM-SW97-03L 03/07/97 

I 1.00 u I 
2.00 v 

1.00 u I 1.00 u 1.00 u 1.00 u 
2.00 u 2.00 u 2.00 u 2.00 u 

2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
0.80 U 0.80 U 0.80 U 0.80 U 0.80 U 
2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
6.00 u 6.00 U 6.00 u 6.00 U 6.00 U 

1 Chemical 
lsophorone 
Naphthalene 
NiVobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol -.-- ” ___ - 

2.00 u 7nn II I -VW” 1 
7.m II I -.-- - 2.00 II I -.-- - 2.00 u i 

bis(2Ghloroethoxy)methane 1.00 u 1.00 u __ _ I 1.00 u I 1.00 u I 1.00 u 1 

bis(2-Chloroethyl)ether 2.00 u 7~131) _...” ii - I 7.111) _,_” t-1 - I 2.00 -.-- II - I 2.00 u 1 
bis(2-Ethylhexyl)phthalate 2.00 u 2.00 u I 2.00 u I 2.00 u I 2.00 u 1 

t 
n-Nitrnsn-di-n-nrnnvi~~ine tnn 11 mn iI I 1.00 11 I 1.00 u I 1.00 u I 
II’IYIIIVDVUIUll~IIVlall 
. , . . . . - - _ -. r. - ,-, . . ,. . ” I ..V” - .,V” - ..“” - ..-- ” 

n hl:+.,,,~J:n~~“.,l-rrline I 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 v 
Volatile Organic Compounds (UGIL) 
1 ,I ,I -Trichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I ,2,2-Tetrachloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I ,2-Trichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I-Dichloroethane I,00 u 1.00 u 1.00 u 1.00 u 1.00 u 

I 1 I-lkhlnrnnthnnn I tnn ii I tnn iI I inn11 I l.nn u I 1.00 u I II 1,2,4~Trichlorobenzene .,. -.-...-.--...-.*- I I 1.00 . ..T” u w 1 1.00 ..V” u - 1 1.00 ..-., u - 1 1.00 ..-_ u - 1 1.00 ..-- u ” 

I r)~nihrrrmn-Q-nhlnrnn~~~~~~ innit I inn11 I inn11 I innii I I nn II I ,r-v,v,“r,,“-\r-wIl”l”~,“~al,c; I.“” ” 1.“” ” I.“” ” I.“” ” I.“” ” 

1,2-Dibromoethane 1.00 u 1.00 u 1.00 u I,00 u 1.00 u 
1 ,BDichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1,2-Dichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 

I 1 .BDichloroorooane I 1.00 u I 1.00 u I 1.00 u I 1.00 u I 1.00 u I 

1 

It- 1.6Dichlorobenzene 

II 
, _ ” _ _ . , . _. _ I I I I 

’ ,3-Dichlorobenzene ! 1.00 u 1 1.00 u 1 1.00 i 1 
I 

1.00 v 1 1.00 u 
I 1.00 u I 1.00 u I 1.00 u I 1.00 u I 1.00 u I 

It %FMnnnne -‘. -‘- -.--- .- I Finn Ii I &ii l-l I I I 5.00 u I 

I 
..“” ” 

Bromochloromethane 1.00 u 1 1.00 u 1.00 u 1 1.00 u 1.00 v 
Bromodichloromethane 1.00 u I 1.00 u 1.00 u I 1.00 u 1.00 u 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 
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TarJlr! A-l 
P.naiytir-ai Dafa, - Surface W&r 

Naval Station Norfolk, Norfolk, Virginia 

Ob-3VVY I-W I BC-SW97-04 BC-SW97-05 

NNB-BCM-SW97-03H I NNB-BCM-SW97.04H 1 NNB-BCM.SW97-04L NNB.SCM-SW97-05H 1 NNB-SCM-SW97-05L 
0197 03/l 0197 I 03/l 0197 I! 1 Chemical 03/10197 03/l 

I I 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

RP-CWQ7AQ I RCS -__.-- -- 
I 

-- --.-. “” 

-BCM-SW97-04L I NNB-BCM-SW97-05H I NNB-BCM-SW97-05L 1 

WllUlll I (I.“” ” , cl.“” ” , , , V.“” ” 
2.00 u I 2.00 u I 2.00 u I 2.00 u I qnn II 

DRAFT . . . 

) 

F .-j3 of 30 
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Table A-l 
rl.. :r I I%.*- #.a \nr +nr Anal&al uara - Siirfaarq dirrl 

Naval Station Norfolk, Norfolk, Virginia 

RrAz\nra7~nn I Rf!.SWQ7.f-i!i &-SWY /w ““‘VllY, -v-l WV w..... -- 

NNB-BCM-SW97-03H NNB-BCM-SW97-04H NNB-BCM-SW97-04L NNB-BCM-SW97-05H NNB-BCM-SW97-05L 
Chemical 03/l 0197 03/l 0197 03/i 0197 03/I 0197 03110197 

En&in 0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
^ 3.10 u - -3 

Page 9 of 30 



Table A-1 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

BC-SW97-03 I w-SWY ImU4 CIb-DWY I-W 
NNB-BCM-SW97-03H 1 NNB-BCM-SW97-04H 1 NNB-BCM=SW97-04L NNB-BCM-SW97-05H 1 NNB-BCM-SW97-05L 

03 I/l 0197 I I 33MOl97 I 03110197 03/I 0197 03/l 0197 
I I 2.00 u I -.. - NA I NA 1 NA ! 
I 

t 
Am-l II I 1,_11,I, , nm iI I nmll I nmli I 
“r”” ” 

II...%‘ I, I V.-Y 7 I,..,” u * _.-- - U.“” .A a 
;:Z; ; 1 

I 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 r)nn II 

----- I 1n.o II I I 10.0 u I 10.0 u I 

Chemical 
$-Nitroanilitw ,.,. .- 

. A .%.,.+!+.,rl.r...., 4,6-Dinitrcr-c-IlI~tllylvl1~11~1 
4.Bromophenyl-phenylether 
4.ChInm.n.mnth\/lnhannl 



r I> 

m
 / 

: i i ; ! . ! : I , . 1 

i ! 1 

: 



I / 

i i i 



Ana!ytIca! Da& . Surfar.n Water - . . -- . . . -. 
Naval Station Norfolk, Norfolk, Virginia 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 
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Table A-l 
Il..^l..t’-rl m,.tr Cm r&-r \rd~l c 

nilalyrtsal UCILQ - ~~1w4wz WC&I 
Naval Station Norfolk, Norfolk, Virginia 

Chemical 
NNB-BCM-SW97-06L 1 NNB-BCM-SW9746LP 1 NNB-BCMrSW97-06H NNB-BCM-SW97-OIL 1 NNB-BCM-SW97-07H 

03105197 I 03105197 I 03/10197 02126197 I 03110197 
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Tab,s: A-l 
Analytical Data = Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

BC-SW9. __ _” ,w97-07 

NNB-BCM.SW97-06L 1 NNB-BCM-SW97-06LP 1 NNB-BCM-SW97-06H NNBPBCM-SW97-07L NNB-BCM-SW97-07H 
Chemical 03105/97 I 03lO5197 I 03110197 02126197 03/I 0197 

I~~..i...“#...,. I InnIl I innll I InnIl ’ innlt I InnIl I 
lauyl IUlUl IG I.“” ” a.“” ” ..-v - I.“” v .,“” ?. 

Naphthalene 2-00 u 2.00 u 2.00 u 2.00 u 2.00 u 
Nitrobenzene 2.00 u 2,oo u 2.00 u 2.00 u 2.00 u 
Pentachlorophenol 0.80 U 0.80 U 0.80 U 0.80 U 0.80 U 
Phenanthrene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
Phenol 6.00 u 6.00 u 6.00 u 6.00 U 6.00 U 
Pyrene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
bis(2Ghloroethoxy)methane 1.00 u 1.00 u I,00 u 1.00 u 1.00 u 
bis(PChloroethyl)ether 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
bis(2-Ethylhexyl)phthalate 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
n-Nitroso-di-n-propylamine 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
n-Nitrosodiphenylamine 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
Volatile Organic Compounds (UGIL) 
1 ,I ,I -Trichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I ,2,2”Tetrachloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u .i.-j 

1 ,I ,2-Trichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I-Dichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,I-Dichloroethene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1,2,4-Trichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1,2-Dibromo-3-chloropropane I.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1 ,PDibromoethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
I ,2-Dichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
I ,2.Dichloroethane 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1,2-Dichloropropane 1.00 u 
1 ,SDichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1,4-Dichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
--. I- nn rnn I, 

lromodichloromethane 
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Tauld A-l 
Anal\rtirai Da@ - .Curfnct? W&r ..“.J . ..P _“. . ..-- 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

“~-*““ir,-“” P~-3VvGI’OJ BC-SW97-12 
NNB-BCM-SW97.08L NNB-BCM-SW97-08H NNB-BCM-SW97-09L NNB-BCM-SW97-09H NNB-BCM-SW97-12L 

02l26197 03l10197 02126197 03/l 0197 02/26/97 
nin II nin II n4n II n+n II n+n II 

Cl IUI II I “.I”” “.I” ” V.IU u V.1" " ".I" " 

Endrin aldehyde 0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
Endrin ketone 0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
Heptachlor 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
Heptachlor epoxide 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
Methoxychlor 0.50 u 0.50 u 0.50 u 0.50 u 0.50 u 
Toxaphene 5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 
alpha-BHC 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
alpha-Chlordane 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
beta-BHC 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
delta-BHC 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
gamma-BHC (Lindane) 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
gamma-Chlordane 0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
Semivolatile Organic Compounds (UGIL) 
1,2,4-Trichlorobenzene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
1 ,P-Dichlorobenzene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
1,3-Dichlorobenzene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
1 ,GDichlorobenzene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 
2,2’-Oxybis(l-chloropropane) 0.70 u 0.70 u 0.70 u 0.70 u 0.70 u 
2,4,5-Trichlorophenol 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u F II _ __ . ^ ^^ ‘I - -9 . . ^ ̂ ^ 

I :, 1111 I I I ‘1,,,,‘, I 9nntl I 7”“,, I :, ,111 I I I 
L,Lt,“‘ I WI b.“” v b.“” ” L”” ” C.“” ” LTV” ” 

2,4-Dichlorophenol 10.0 u 10.0 u 10.0 u 10.0 u 10.0 u 
2,CDimethylphenol 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2,4-Dinitrophenol 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2,4-Dinitrotoluene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2,6-Dinitrotoluene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u - -. ^^^ I, ..,.A II .- - -- .* ^^^ II 
2-Chloronaphthalene 
I) f%tP.r~nk~n~l 
L’VI ,,“I “yl IW I”1 
_ . _ 
2-Methylnapntnalene 
2-MethylphW 
n hl:~r^r..:l:r 

I ZSJU u 1 LUU u I 2.00 u 1 2.00 u 2.w u 
onn It I 

I 
3nn II I L.“” ” I 9nn ii I L.“” ” , L,UU u 1 2.00 u 2.00 u 

- -- 
I 

. . . II I z.uu u I am,-. II I z.uu u 1 2.00 u 1 2.00 u 2.00 u 
iflflll I fnnll I inn11 I 4 nn Ii I nn II il I”, I I.“” ” , I.“” ” I.“” ” , I.“” ” , I.“” ” 

! 0.80 U 1 0.80 U 1 0.80 U 1 0.80 U 1 0.80 U 
.^^I# I >,.P.II I ~~ _- . . . ^^ *I 

2-Nitrophenol 
3,3’-Dichlorobenzidine 

I l.UU u I l.UU u 1 1.00 u I 1.00 u 1 1,uu u 
2,oo u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

1 BC-SW97-12 I BC-SW97-13 I RC.SWQ7.16 1 

NNB-BCM-SWST-12H 1 NNB=BCM-SW97-13L 1 NNB-BCM-SWST-1 

4,4'-DDD 
4$-DDE 
4,4'-DDT 
Akin 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 

0.10 u 0.10 u 0.10 u 0.11 
0.10 u 0.10 u 0.10 u O.lb IJ WIU u 
0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 

0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
1.00 u 1.00 u 1.00 u 1.00 u 1.00 u - 

2.00 
_- 

2.00 u 2.00 u 2.00 u u 2.00 u 
1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
1.00 u I,00 u 1.00 u 1.00 u 1.00 u 
1.00 u I 1.00 u 1.00 u 1.00 u 1.00 u 
1.00 u ' 1.00 u 1.00 u 1.00 u 1.00 u 
0‘10 u 0.10 u 0.10 u 0.10 u 0.10 u 

0.050 u 0.050 u 0.050 u 0.050 u 0.050 u 
0.10 u 0.10 u 0.10 u 0.10 u 0.10 u 
0.10 u 0.10 u 0.10 II 0.ll-l II nin Ii 

DRAFT \ 
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Chemical 

BC-SW97-12 K-SW,. .” 
NNB-BCM-SW97.12H NNB-BCM-SW97.13L 1 NNB-BCM-SW97-13H NNB-BCM-SW97-15H 1 NNB-BCM-SW97-15L 

03/l 0197 02126197 I 03110197 
Endrin 
Fnrlrin nlrlnhvrla 

I 0.10 u 1 0.10 u 1 O.lC u 1 “.I” v , “*I” ” 
nil-Ill I nmll I 0.10 u I 0.10 u I 0.10 u II 

II 
-.I-. 1. T ..,W”. ., “” I “..” .e -1.1 - _..” - . -- 

C..A”L L.+..rr I n,n,, I n,n,, I n+nll I AlnIl I nin 11 II 

1 alpha-Chlordatie n.nm Ii I n.n.sn II I 0.050 u I 0.050 u I 0.050 u II ..-vv - -.--. - “.““” ” 

I ,, :_,, .A %a f&#gg&+.l n ncn I I I n nm I I I nnm 11 II 

1,2,4-Trichlorc ’ 
1.7.Dichlornbenmw. 

..*.- --...#.-..*...- \--.-, , I I 

menzene I 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 
I 2.011 iI I 2.00 II I 2.00 u I 2.00 u I 2.00 u II 

tt 4 , - ‘) - . " . . . . . - 1. . . 1 -. . " I -,-- - -.-. - I ,-Lhl,vrrh--w, I 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u ]I , ,3’Ulbl ll”l”“Fll I‘Gl K 

1,4-Dichlorobenzene 
~,~.I)~vhi~fl.chlnrnnrnnann~ 

I 2.00 u 1 2.00 u I 2.00 u I 2.00 u 1 2.00 u 
nmir I n~7n il I n.70 u I 0.70 tJ I 0.70 u il 

It 2,4,0-l IIL;IIIUIU)JIIGIIUI I I.UU u 1 I.UU u 1 I.“” ” 1 I.“” ” 1 I.“” ” 
7 4 f%Trichlnronhnnol 7nn iI I 3.nn iI I 2.nn (1 I 2.00 u I 2.00 u II 

2,4-umropneno~ l.UU u l.UU u l.UU u I.UU u I.UU u 

2,4-Dinitrotoluene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2,6-Dinitrotoluene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2-Chloronaphthalene 2.00 u 2.00 u 2.00 u 2.00 u 2.00 u 

I 2.Chlnmnhnnnl I 2.nn iI I 2.00 ii I 2.013 ii I 2.00 II I 2.00 u I 
II 

1 _....." r ..-.. -. I -..- - -.-- - -.-_ - -.__ " -.__ - 

r) L"nCh<#lnnb&+knl~nrr I I)nn II I r)nn II I r)nn II I Onn ti I 0 nn I I II 1’I”ltiU 1y” lapI 111 w.lW IG LUV v L.“U ” L.“” ” La”” ” L.“” u 

2-Methylphenol 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2-Nitroaniline 0.80 U 0.80 U 0.80 U 0.80 U 0.80 U 
2-NitrotFm-’ 4 An II , nn II 4 nn II 4 I-In I I 4 nn II 

‘,IGll”I I I.UU u 1 I.VU u 1 I.UU u 1 I.“” ” 1 I.“” ” 

/j 3,3cDichlorobenzidine 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 
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Table A-l 
Analytical Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

BGSW97-13 BC-SW97-15 
NNB-BCM-SW97=12H NNB=BCMSW97-13L 1 NNB-BCM-SW97-13H NNB-BCM-SW97-15H 1 NNB-BCM-SW97-15L 

03/10/97 , 03/i 0197 

P- -38 c 

I 



Table A-l 
Artal#lca! Data - Surface Water 

Naval Station Norfolk, Norfolk, Virginia 

II Chemical 

BC-SW97-I2 I BC-SW97-I3 BC-SW97-15 
NNB=BCM-SW97-12H 1 NNB-BCM-SW97.13L 1 NNB-BCM-SW97-13H NNB-BCM-SW97-15H NNB-BCM=SW97-15L 

13/I 0197 03/I 0197 03/I 0197 
I 1.nn II I 1.00 u I 1.00 u 1.00 u 1.00 u 
I a!i/1m7 I a212lY97 I ( 

II Innnhnrone 
H .-.r.......- I ..- - 

I 
“‘--““-lene I 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u 1 2.00 u ~. 11 

IE7ena I 2.00 II I 2.00 u I 2.00 u I 2.00 u I 2.00 u II 
II 

. . . . . .-...--..- I -.-_ - -.-- - --~ 
i%.d”,.klC.“,U4.~~~l I non II I nmIi I nnn 11 I nQn II 1 nnn II 

d 

II 

~~IIL~~I11”I”~,I*II”t I V.“” ” , “.V” ” , “,V” ” , “.UV ” “.V” ” 

Phenanthrene 2.00 u I 2.00 u I 2.00 u I 2.00 u 2.00 u 
6.00 U 

II 

I p&4- I I Ilxlluluuw ILW It: I I.UV u I-VU u I.VV u I.“” ” , I.“” ” 

1,2-Dibro~o..?.chlnrnnronRnF! 1.00 II I 1.m u I 1.00 u I 1.00 u I 1.00 u . . - . . ..-.. *- -.,. 

rnnthnno 
I 

..-- - ..-. - .._- - 

I inner I 1nnIr I innil I i.on II I 1.00 u II 

l.....“.“-“..-“..- . . . . I... - ..-- - 
1 ,4-Dichlorobenzene 1.00 u 1.00 u 1.00 u 1.00 u 1.00 u 
2-Butanone 5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 
P-Hexanone 5.00 u 5.00 u 5.00 u 5.00 u 5.00 u 
1 rnn II I I cnn II 
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Tab,; A-2 
Analytics! D&a - Surface ~Sedl.ments 

Naval Station Norfolk, Norfolk, Virginia 

DiP3lJY i-w DW3YSl’V.J PLB%?“cJ, -WV _- --__ -- 

NNB-BCM-SD97-01 NNB-BCM-SD97-02 NNB-BCM-SD97-03 NNB-BCM-SD97-04 NNB-BCM-SD97-05 
Chemical 03105197 03/07/97 03107/97 03/I 0197 03110197 

I[ Selenium 

Hroctor-iu18 
Aroclor-I 221 
Aroclor-I 232 

(“‘~::r;$&~$g&g& -#I 

55.u u JJAJ u 34.0 u _/ 34.0 u 33.0 u 
67.0 U 67.0 U 67.0 U 67.0 U 66.0 u 
33.0 u 33.0 u 34.0 u 34.0 u 33.0 u 
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c 
firutiwr- I ~44 

Aroclor-I 248 
Aroclor-I 254 

, 
BC-SD97-01 BC-SD97-02 BC-SD97-03 BC-SD97-04 BC-SD97-05 

NNB-BCM-SD97-01 NNB-BCM=SD97-02 NNB-BCM-SD97-03 NNB-BCM-SD97-04 NNB-BCM-SD97.05 
03/05/97 03to7/97 03to7t97 03110197 03/I 0197 

33.0 u 33.0 u 34.0 u 34.0 u 33.0 u 
33.0 u 33,o u 34.0 u 34.0 u 33.0 u 
33s-l u 33.0 u !34.n II 2A.t-1 II 

Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 



Ana!ytIca,! Data - Surface Sediments 
Naval Station Norfolk, Norfolk, Virginia 

, 
BC-SD97-01 BC-SD97-02 BC-SD97-03 BC-SD97-04 BC-SD97-05 

NNB-BCM.SD97.01 NNB-BCM-SD97-02 NNB.BCM-SD97-03 NNB-BCM-SD97-04 NNB-BCM-SD97-05 
Chemical 03~05197 03107197 03107/97 03/l 0197 03/10197 

63.0 U 63.0 U 62.0 U 63.0 U 62.0 U 
2-Chloronaphthalene 73.0 u 73.0 u 73.0 u 
2-Chlorophenol 60.0 U 60.0 U 59.0 u 60.0 U 59.0 u 
PMethylnaphthalene 49.0 u 49.0 u 48.0 u 49.0 u 48.0 u 
2-Methylphenol 64.0 U RAn II fvtn II 63.0 U 63.0 U 

r I.. A II 
“7.” ” , -*.” - , 

II 2.Nitroaniline I 1Iz.u u 1 82.0 U 1 81.0 U 1 ii u 1 81.0 u 
2-Nitrophenol 69.0 U 69.0 U 68.0 u 68.0 u 68.0 u 
3,S-Dichlorobenzidine 50.0 u 50.0 u 49.0 u 50.0 u 49.0 u 
0 hl:+rrn..:Ln hIA NA NA NA NA 

4,6-Dinitro-2.metlIylpnenol 
4-Bromophenyl-phenylether - . . 

3u.u u 1 3u.u u 1 *v.u u 1 J”.” ” , T”.” ” 
A7nII I 47n II I A6t-l 11 1 47.0 u I 46.0 U -r,.” u , 7s .Y ” , .“... - 

II 4-Chloro-3-methylphenol I -330 u 1 330 u 1 330 u 1 330 u 1 330 u 
mnll I 7U.V v , NA I I.., , NA I . . . . 48.0 u I 47.0 u I 
mnll I JI.” ” , anil I VI.” ” , .wn II I .a”.” w , !il 0 II I -... - 50.0 u 1 
A0f-l II I A!317 II I 48.0 u I 49.0 u I 48.0 u I 

““V ” , 
CF.,. II I 

7”s” ” , .“.. ” .-.- - 

mn 11 I 800 U 790 u 790 u 1 790 u 
II 4-Nitrophenol I SW u 58.0 U 57.0 u 58.0 U 1 57.0 u 

4-Chloroaniline 
4.Chlorophenyl-phenylether 
4.Methylphenol 
4-Nitroaniline 

, 

E7n II I 56.0 U 1 57.0 u 1 56.0 U 

---- - 

47n II I 481-I II 47.0 u 1 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

r I BGSD97=01 I BC-SD97-02 I BC-SD97903 I BC-SD97=04 I BC-SD97-05 1 
II -- -__. -. -_ ---. -- 

NNB-BCM-SD97-01 1 NNB-BCM-SD97-02 1 NNB-BCM-SD97-03 1 NNB-BCM-SD97-04 1 NNB-BCM-SD97-05 
-. 

It 
II Hexachlorobenzene I 81.0 U 1 81.0 U 80.0 U 80.0 U 80.0 u 

Hexachlorobutadiene 63.0 U 1 63.0 U 62.0 U 63.0 U 62.0 U 

Pentachlnronhenol 

n-Nitroso-di-n-oroovlamine _. _ _ _ _. l-‘-l-,.--...‘.- 
n-Nitrosodiphenylamine 
Volatile Oraanic Comoounds WGIKGI 

.-- - .-- - .-. - .C” - 
46.0 U 46.0 U 45.0 u 46.0 U 45.0 u 

L 
_ _- ~.. - _ -. _-., 

l,;;l-T&i .._.-_..._..- 
I I I 

ilornethenn I 1.5-n II.I I .-*- -. 1Q.n ii I . . . . - 2kin iI I “V.. v 3&n II I -1.” ” mn 11.1 NV.” “Y 
1 ,I ,2,2-Tetrachloroethane 15.0 UJ 19.0 ,UJ 35.0 UJ 25.0 UJ 28.0 UJ 
1.1 .BTrichloroethane 15.0 UJ 19.n u 75n iI 7A n i I.1 

DRAF “I 
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Table A-2 
Analytical Data - Surface Sediments 

Navlil Station Norfolk, Norfolk, Virginia 

II I RfLSna7.m I Rf!.Clm7.rb7 I Rf!.CnCi7AQ I me *mn7 nn I 
I” “l”, “V 

I I” VW”, ~“I 
1 Y” “““I ~“V 

I Db-3lJY I WY 

NNB-BCM-SD97-06 1 NNB-BCM-SD97-06P 1 NNB-BCM-SD97-07 1 NNB-BCM-SD97-08 1 NNB-BCM-SD97-09 
Chemical ! 03105/97 I 03/05/97 I 02/26/97 I 02/26/97 I 02126197 

I I I I I 

DRAFT .- 
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Table A-2 
Ane!;ltIce! Da& . !&:rfama Serjinymtn “I,...-* WV . . . -.. - 

Naval Station Norfolk, Norfolk, Virginia 

1 I BC-SD97-06 BC-SD97-07 I” r.lJl ‘UQ YV-LIYJI -- 

NNB-BCM-SD97-06 1 NNB-BCM-SD97-06P NNB-BCM-SD97-07 NNB-BCM-SD97-08 NNB-BCM-SD97-09 
Chemical 03/05/97 I 03105/97 02126197 02126197 02126197 

. .___ ^^ ^ .I ,.,-.A II nln II ^^ ^ II n-r+ 1, 
II Aroclor-1242 
Y Aroclor-I 248 33.0 u 33.0 u 34-n 11 1 aan II I VW” ” , nan III “W “V.” ” 

Aroclor-1254 33.0 u 33.0 u 34.” ” All I 00flII I JJ.” ” aan II V”.” ” 
Aroclor-I 260 33.0 u 33.0 u 34.0 u 33.0 u 33.0 u 
Dieldrin 3.30 u 3.30 u 3.40 u 3.30 u 3.30 u 

IL Endosulfan I 1.70 u 1.70 u 1.70 u I,70 u 1.70 u 
n nn 0 on I I II nnn I, .¶ on I I 

II tnaosuitan suitate I Y.JU u 1 &.YJ u 1 3.4u u 1 3.30 u 3.30 u 

It- 

Cnrlrin 
LI WI ,I I I 

asn II I 
V.“” ” , 

4!-mlI I 
“.V” 1 , n4n II I -..v - 3.30 u 3.30 u 

II 
Cr.&&. rlA.!-tr,A.. Cl IUI II I QIUW iyu* I 

I 
QCIAII I r),U” ” 1 am II I VlV” ” , RAfIll t V.-r” ” I 3.30 u 3.30 u 

Cnrlrin Iratfwm I ??iIll I Rm II I I awl II nnn II 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

1 I BC.SDQEnfi I Rfxm7.n7 I RC.snQ7.n8 I Rf!.Q~Q7.n0 1 -- --.. TT W” VW”. “. VW “C”. “” ww “I”, “V 

NNB-BCM-SD97-06 NNB-BCM-SD97-06P NNB-BCM-SD97-07 NNB-BCM-SD97-08 NNB-BCM-SD97.09 
Chemical 03105197 03/05/97 02126197 02/26/97 02126197 

.2,6-Dinitrotoluene 63.0 U 63.0 U 64.0 U 63.0 U 63.0 U 
I 2-Chloronaphthalene 2-Chloroohenol 74.0 60.0 u U 74.0 60.0 u LJ 75.0 61.0 u il 74.0 fin.0 II u 74.0 twn ii u 

1 - ..- - --.- -.. 
Benzo(b)fluoranthene 36.0 U 1 36.0 U 1 36.0 UJ - 1 

II 
_-._ - --.- - 

Diefhvlohfhalafe I Fi4.0 II I 54n ii I mnir I &Al-l II I 

DRAFT 
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Table A-2 
Analjjtical Data’- Surface Sedfments 

Naval Station Norfolk, Norfolk, Virginia 

BC43D97-06 I BC-SD97-07 1 BC-SD97-08 I BC-SD97-09 

NNB.BCM-SD97-06 1 NNB-BCM-SD97.06P 1 NNB-BCM-SD97-07 1 NNB-BCM-SD97-08 1 NNB-BCM-SD97-09 

52.0 U 
81 l-l II 

I 43.0 “1.W u - 43.0 --.- 

- VS.” ” 

Hexachlorocyclopentadiene u 43.0 u 43.0 u 43.0 u 
54.n II 54.0 u !=lr;n II Fi4.0 u 54.0 u m 

I 
II 

--.- - 

I 

I 7anlI I 

I rnn III I YY.” Y , 
I !im IJ I 52.0 u I I I DL.” ” I 

n.NifroovulyrlvllJI~,,,,,,” 
Volatile Organic Compounds (l&/KG) 
I I I .Tri~hlnrnnthano 

a”.” - .-.- - 71.” Y a”.” - .-.- - 

15.0 UJ 16.0 UJ 77n II 33.n 11.1 14.0 u . --,- -- II 1,,), ,I!“,I,“I”V.I1UIIY I .-.- -- w-1” 

i 4 Cl r)-Tntmnhlnmath~no I i6n ii.1 I 16-n 11.1 I 77n 11 I 77 n II.1 I 14.o u1 I, 1 ,L,L- I Fi~,c4”I,I”I”uLIIcAItu SW.” W” .-.- -- LL.” ” MN.” WV ~ ..- - 
1 ,I ,2-Trichloroethane 15.0 UJ 16.0 UJ 22.0 u 22.0 UJ 14.0 u 
1 ,I -Dichloroethane 15.0 UJ 16.0 UJ 99n ii b-.” ” , 77n II m-s” w , 14.0 u ..- - 

1 ,I -Dichloroethene 15.0 UJ i&O UJ 77-n 11 I --.- - 22.0 u I _-.- - 14.0 ul 
I 1 QJ%hlnrndhmo I is.0 i1.i I 16.0 UJ I 77nll I 77n 11 I 14.0 u I 

II I 9JWhlnrnnmnan~ I 15.0 11.1 I 16.0 UJ I 77n 11 1 11.1 I 14.0 u I 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

BC-SD97-06 I BC-SD97-07 1 BC-SD97-08 I BC-SD97-09 
NNB-BCM-SD97.06 1 NNB-BCM-SD97-06P 1 NNB-BCM-SD97*07 1 NNB-BCM-SD97-08 1 NNB-BCM-SD97-09 

p7- --._ Oof40 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

1 

BC-SD97-12 BGSD97=13 BC-SD97915 BC-SD99-01 BC-SD99-02 
NNB-BCM-SD97-12 NNB-BCM-SD97-13 NNB-BCM-SD97-15 NNB-BCM-SD-99-01 NNB-BCM-SD-99.02 

Chemical 02/26/97 02/26/97 03110197 1 l/l 9/99 11/19/99 
Aroclor-I 242 34.0 u I 33.0 u 33.0 u I 97.0 UL I 

DRAFT 
B 
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Tab,< A-2 
Ar.a!y!ic-a! Da& - Surface Sediments 

Naval Station Norfolk, Norfoik, Virginia 

BC-SD97-12 BC-SD97-13 BC-SD97-15 BC-SD99-01 BC-SD99-02 
NNB-BCM-SD97-12 NNB-BCM-SD97-13 NNB-BCM-SD97-15 NNB-BCM-SD-99-01 NNB-BCM-SD-99.02 

Chemical 02126i97 02126197 03/l 0197 11/19/99 11/19/99 
2.6.Dinitrotoluene 83.0 II 63.0 II 63.0 u 980 u 980 U -I_ - . _._.__.._ 

7.Chlnrnnnnhthnlnnc 
I --.r - --.- - --.- - ___ - _.. - 
I 7411 II I 74n II I 74n Ill wn ii I !xul II 1 

PMet&lna$t!7alene 
___ 

u - 49.0 --.- u - 49.0 __.. 
- 

49.0 u 980 U 980 U 
2-Methylphenol 64.0 U 64.0 U 64.0 U 980 U 980 U 
2-Nitroaniline 82.0 U 83.0 U 82.0 u 2,500 u 2,500 u 
2.Nitrophenol 69.0 U 69.0 U 69.0 U 980 U 980 U 
3,3’-Dichlorobenzidine 50.0 u 50.0 u 50.0 u 980 U 980 U 
3-Nitroaniline 70.0 u 70.0 u NA 2,500 u 2,500 U 
4,6-Dinitro-2-methylphenol 50.0 u 50.0 u 50.0 u 2,500 U 2,500 u 
4-Bromophenyl-phenylether 47.0 u 47.0 u 47.0 u 980 U 980 U 
4-Chloro-3”methylphenol 330 u 330 u 330 u 980 U 980 U 
4-Chloroaniline 48.0 U 48.0 U 48.0 U 980 U 980 U 
n-rhlnr~nhnn,,I-nhnn,rlnt~er 51.0 u 51.0 u 51.0 u 980 U 980 U 

49.0 u I 980 U I 980 U I 

64.0 U _ .._ - - ..- 
36.0 U 1 36.0 1 
46.0 U 
64.0 U 
48.0 U / 

It Carbazole ’ I 330 u I 330 u I 330 U I 980 i 980 U 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

-..- . .._-_._ I 1- 

Dimethyl phthalate I _ 53.0 u 

980 U I -----+a 

980 U I 
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n 0'98 in 0.88 n 0'1t n 0'29 inocb Z6zc-~ol~w 
, 

n otc m 081 n 0'28 noLc 7noCz lzZl-~wo~v 
n 0'98 in 0'88 n ow n oxi inocL 9 co~-ww 
n mh n nt.7 n nn.7 

66/LL/LL 661L1/11 66/Ll/CC 66/Ll./l.C 66/LC/CI. 
L0-66-ClS-W39-9NN 90-66-ClS-W39m8NN SO-66-QS-W38=9NN PO-66-QS-W39-9NN 80-66-tlWl38-9NN, 

Lo-66QS-39 go-66as-39 SO-660~39 tro-66CB39 &o-6601~39 



Talrlc A-2 
Ana!ytka! Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

BC-SDQQ-03 BC-SDQQ-04 BC-SDQQ-05 BC-SDQQ-06 BC-SDQQ-07 
NNB-BCM-SD-99-03 NNB-BCM-SD-99-04 NNB=BCM-SD-99=05 NNB-BCM-SD-99-06 NNB-BCM-SD-99-07 

Chemical 11/17/99 11/17/99 111?7/99 1 ill 7199 1 Ill 7199 
Aroclor-I 242 110 UL 52.0 u 41.0 u 88.0 UL 86.0 U 

.._ -- -.-- - .._ - -.__ _- 
Endosulfan I 5.40 UL 2.60 u 2.10 u 4.40 UL 4.30 u 
Endosulfan II 11.0 UL 5.20 u 4.10 u 8.80 UL 8,60 u 
Endosulfan sulfate 11.0 UL 5.20 U 4.10 u 8.80 UL 8.60 U 
Endrin 11.0 UL 5.20 U 2.10 u 8.80 UL 8.60 U 
Endrin aldehyde 11.0 UL 520 u 4.10 u 8.80 UL 8.60 U 
Endrin ketone 11.0 UL 5.20 u 4.10 u 8.80 UL 8.60 u 

II 1.2.4.Trichlorobenzene 
------ \--a---, 

1,100 R 520 UL 410 u 880 R 850 UL 
1,100 R 520 UL 410 u 880 R 850 UL 

+nn D eon n 

21416.Trichlorophenol 

2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,CDinitrophenol 
2,CDinitrotoluene 

- 1,100 u 520 UL .,--- 410 u - -,___ 880 R -,.__ 850 U - 

1,100 u 520 UL 410 u 880 R 850 U 
1,100 u 520 UL 410 u 880 R 850 UL 
2,700 U 1,300 UL 1,000 u 2,200 R 2,100 u 
1.100 R 520 UL 410 u aan R 850 IJL 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

DRAF 

7 

BC-SDQQ-03 BC-SDQQ-04 BC-SDQQ-05 BC-SDQQ-06 BC-SDQQ-07 
NNB-BCM-SD-99-03 NNB-BCM-SD-99-04 NNB-BCM-SD-99-05 NNB-BCM-SD-99-06 NNB-BCM-SD-99-07 

Chemical 11117/99 11/17/99 11/17/99 11/17/99 11/17/99 
2,6-Dinitrotoluene 1,100 R 520 UL 410 u 880 R 850 UL n 

II 2ChloronaDhthalene I 1.100 R I 520 UL I 410 UI 880 R I 850 UL l 
2Ghlorophenol 1;100 u 520 UL 410 u 880 R 850 U 
2-Methylnaphthalene 1,100 R 520 UL 410 u 880 R 850 UL 
2-Methylphenol .I,100 u 520 UL 410 u 880 R 850 U 
2-Nitroaniline 2,700 R 1,300 UL 1,000 u 2,200 R 2,100 UL 
2.Nitroahenol 1.100 u 520 UL 410 u 880 R 850 u 3,3’-Dichlorobenzidine I;100 R 520 UL 410 u 880 R 850 --- UL - 

3-Nitroaniline 2,700 R 1,300 UL 1,000 u 2,200 R 2,100 UL 
4,6-Dinitro-2-methylphenol 2,700 U 1,300 UL 1,000 u 2,200 R 2,100 u 

I 4nn fa n*n ii QQn 0 cm7 111 

4-Chloro-3-methylphenol 
4-Chloroaniline 
4.Chlorophenyl-phenylether 

I 4-MethvlDhenol 

-r&V ” 0”” II “9” “L 
1,100 u 520 UL 410 u 880 R 850 U 
1,100 R 520 UL 410 u 880 R 850 UL 
1,100 R 520 UL 410 u 880 R 850 UL 
1.100 u I 520 UL I 410 UI 880 R I a.50 ll 

--- -- 
nm 111 

i’mn R 
_-- --- -- 

I I nin ii I nm I II 



Tabit? A-2 
!ha!ytica! Da!3 - Surface Sediments 

Naval Station Norfolk, Norfolk, Wrglnia 

II I BC-SD99-03 I BC-SD99-04 I BC-SD99-05 I BC-SD99.06 I BC-SD99-07 1 

11 Fiuorene 880 R 850 UL 
II ------ Hnxnahlnrnhm-venn I 1:100 R I 520 UL I 410 ul 880 R I 850 UL 

1.100 R I 520 UL I 410 UI 880 R I 850 UL I 

. .--.--...-,---.._-..- I , . - - . --- -- I 

I 1,100 R 1 520 UL 1 410 u 1 880 R 1 850 UL 

Hexachloroeth;.., 
.- -..__.-.-. -- I 

am I 1InnR I I II I 8Fx-l R I 850 ULI 

II Phenol I 1.100 u I 520 UL I 410 UI 880 R I 850 U I 

1 ,I ,l-Trichloroethane 
1 ,I ,2,2-Tetrachloroethane 
1 ,I ,2-Trichloroethane 
I ,I -Dichloroethane 
I .I-Dichlornethene 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 

II .‘. -. 
_. - - - _. -. - 

1 3.lXahlnrnnt~ane NA NA NA NA NA 
lene ftotall NA NA NA NA NA 

_ I . .-. , - . . - 
I 

. _. . . . . . . . 
I NA 1 NA 1 
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Tabli A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 



DRAFT Page 21 of 40 



Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

BC-SD99-07 BC-SD-99-08 BC-SD-99.09 BC-SD-99-10 BC-SD-99-11 
NNB-BCM-SD-99-07P NNB-BCM-SD-99-08 NNB-BCM-SD-99-09 NNB-BCM-SD-99-10 NNB-BCM-SD-99-11 

11/17/99 1 l/l 7/99 1 l/l 8199 11/18/99 11/18/99 
93.0 UL 100 u 120 UL 73.0 UL 75.0 UL 

-, . . . . . . . - . -. - 

2,4-Dinitrotoluene 
. . . . , 9,““” ” ‘I”“” ” 

I 930 R 1 1,000 R 1 1,200 u I 720 ULI 740 UL 

DRAF’ >\ 
1 
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Ana:!y?lsaj D&g I Slwfarrr %rlitponta x.8 .“l” “-WV. .-...- 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

I 
BC-SD99.07 BC-SD-99-08 1 BC-SD-99-09 1 BC-SD-99-10 1 BC-SD-99-11 

NNB-BCM-SD-99.07P NNB-BCM-SD-99-08 1 NNB-BCM-SD-99-09 1 NNB-BCM-SD-99-10 1 NNB-BCM-SD-99-11 

11/17/99 Ii QMcl 

1nnl-l RI I w-in I I I 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

1 I BC-3399.07 I BC-SD-99-08 1 EC-SD-99.09 1 BC-SD-99-10 I BC-SD-99.11 I 

II . .--.-..- 
I “W” ,1 , .I”“” I J-v.4 

Hexachlorobenzene I 930 R I 1.000 R I 1.200 

fsophorone 
Naohthalene 

I 930 R 1,000 R 1 1,200 u 720 U 740 u. 
sm R I I nnn R I 131)011 I 720 ULI 740 UL 

II -----‘-‘--.- 
I --- . . .,...... . . ‘I-“” - 

Nitrobenzene I 930 R 1.000 R I 1.200 u I 

II n-Nitroso-di-n-oroovlamine I 930 R I 1 .nnn R t7nn 11 I 
n-Nitrosodiphenylamine 
Volatile Organic Compounds (UGIKG) 
1 ,I ,I -Trichloroethane 
i ,I ,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1 ,I-Dichloroethane 
1 ,I-Dichloroethene 
1,2-Dichloroethane 
1,2-Dichloroethene (total) 
1,2-Dichloropropane 
2-Butanone 
2-Hexanone 
4-MethylQ-pentanone 

, Acetone 

--- .- , - - . . . .,--- - 
930 R 1,000 R 1,200 u 720 UL 74c "I. 

NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA .A!!! NA NA NA 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

BC-SD-99-13 BC-SD-99-14 BC-SD-99.15A 
NNB-BCM-SD-99.12A NNB-BCM-SD-99-13 NNB-BCM-SD-99.13P NNB-BCM-SD-99-14 NNB-BCM-SD-99.15A 

11/18/99 1 l/l 8199 11118199 11118199 1 I/l 8199 
II lnoraanics IMGIKG) I 

DRAFT \ 
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Table A-2 
Analytical Data. Rwfma SadimeBts v... . ..v- VW 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

Arocior-I 254 
Aroclor-1260 _I III 

I 

BC-SD-99.12A BC-SD-99-13 BC-SD-99-14 BC-SD-99.15A 

NNB-BCM-SD-99.12A NNB-BCM-SD-99-13 NNB-BCM-SD-99.13P NNB-BCM-SD-99-14 NNB-BCM-SD-99.15A 
11118199 11/18/99 11118199 11/18/99 II/18199 -- 

57,o u 56.0 u 54.0 u 
82.0 UL 51.0 u 57.0 u 56.0 U 54.0 u 
8311 III 51.0 tI 57.0 u 56.0 U 54.0 u “W,” w.. , -..- - “.._ - 
R9f-l III I 61 n II I 570 III 56.0 u I 54.0 u I “LO” VI., VS.” ” , -..- - ---- ” 

It uietann I 8.20 UL 1 5.10 u 1 5.70 u 1 5.60 U 1 5.40 u 
II Enflns~rlfan’l I 4.10 UL I 3!in lil 2.81) u I 2.80 U I 2.70 U I -I”- v -.-- - -..----..-.. , 

Endosulfan II 8.20 UL r;lnllI V.1” ” 6711 III V.5” .4 Finn tf I -...- - 5.40 u I 
Endosuifan sulfate 8.20 UL ,* 5.10 u 5.70 u 5.60 U 5.40 u 

Endrin 8.20 UL E;inli fi7n II 5.6n II 5.40 u 
“.I” v, 

5.10 u I “..., - -.-. - 5.70 u 5.60 U 5.40 u 
5771) u 5.60 U 5.40 u 

Endrin aldehyde 8.20 UL -..- - 
Endrin ketone 8.20 UL 5.10 u -... - ” -. - 
Heptachlor 4.10 UL 2.50 U 2.80 U 2.80 U 2.70 U 
Heptachlor epoxide 4.10 UL 2.50 U 2.80 U 2.80 U 2.70 U 
Methoxychlor 41.0 UL 25.0 U 28.0 U 28.0 U 27.0 U 
Toxaphene 410 UL 250 U 280 U 280 U 270 U 
nlnhn.RHC 4.10 UL 3~n II 78nii 2.80 u 2.70 U _I”” - -..,- - -.-- - 

II 
...P. .- -. .- I 
alnha.Phlnrriann I A in 111~ I 2.50 u 2.80 U 2.80 U 2.70 U wy IL+ “I I,“I”Lw 1v . ..” -- 

beta-BHC 4.10 UL 2.50 U 2.80 U 2.80 U 2.70 U 
delta-BHC 4.10 UL 2.50 U 2.80 U 2.80 U 2.70 U I 
gamma-BHC (Lindane) 
gammaChlordane 
Semivolatile Organic Compounds (UGIKG) 
1,2,4-Trichiorobenzene 

4.10 UL 3F;n III 7.81) u I 2.80 u I 2.70 U I 
4.10 UL 2.50 u LUU u z.uu u L.fV u 

P2i-l III Gin R Finn it 56n U 540 UL 
1,2-Dichiorobenzene 
I ,3-Dichlorobenzene 
I ,4-Dichlorobenzene 
2,2’-Oxybis(l-chioropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,CDimethvlah 

““V “I., “I” “, -“- - --- - 

n3n tft I 510 RI 560 U I 560 U 1 540 UL I --- -- I 
830 111 1 Finn RI 56n tf I 560 ul 540 UL I 
836 UL ~IV n il”V v J”V ” UT” “I. 

830 UL 510 R 560 U 560 U 540 UL 
2,090 u 1,300 u I Ann iI ., .“” - t.4nn 11 .) . . . - 1.300 u .I--- - 

830 U 510 u e 560 U I “__ ” 560 U I 540 u I 
830 U 510 u 560 U 1 560 U 1 540 u 
nnn c.ln II ccl-3 III con I I I 

II 2kDinitrophenoi ! 
___.-- 
7nnn II I mn 11 I 1.400 u I 1.300 u I 

j 2,4-Dinitrotoluene 
W,““” v , .,.__ - .1 “” - 

mn I II I mn RI F;fin II I mn II I '540 UL I I ““V “I., “I” “, “W” w , .,-- - , _.” -- 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Wrginia 

Chemical 
2,6-Dinitrotofuene 
2.Chloronanhthalane 

B&SD-99.12A BC-SD-99-13 BC-SD-99-14 BC-SD-99.15A 
NNB-BCM-SD-99.12A NNB-BCM-SD-99-13 NNB-BCM-SD-99-13P NNB-BCM-SD-99-14 NNB-BCM-SD-99.ISA 

11/18/99 11118199 1 l/l 8199 11/18/99 11/18/99 

830 UL 510 R 560 U 560 U 540 UL 
8313 UL 510 R af3-l II m-l II !iAn IJL 

k - 2-ChloroDhenol -...-.-..- .I... -.-..- I I 830 --- U -- 1 -.- 510 ul . . 560 --- U - 
-v- - v 9” 

1 560 U I 540 ULI 
1 2.Methvlnanhthalene 

2.Nitroaniline 

I 830 UL I 51n RI !ifin II I 5fq-j 1 j 

I 0-J” ” , J”” ” , U”” ” , i)wJ v 
2.090 UL I 1.300 R I 1.400 u I 1.400 II I won UL 

II -_’ .--- - 
_ _ 

9 hfitrrrnhnn~l L-,Y~LIvplIwwI 

3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Din&o-2-methylphenol 

I 4.Bromonhenvl-ohenvlether 

.I--- --, -I.-- - , .I .-- - ,--- 

I awl I I I r1n III Em-l II I cc!* II I =An I I 0-J” ” JI” ” J”” ” , i)“” ” i14” Y 
830 UL 510 R 560 U 1 560 U 540 UL 

2.m m 1.3nn R t 4nn Ii I 1 Arm II 1 m-l UL 

L,UJU u 1 I,JVV u 1 1,4YU u 1 1,4VY u 1 1,3uu Y 
I 830 UL I 510 RI 56n (1 I IiRn II I .5An uL I 
I --- -- -._ --- - -_- - 1 .” 

I QQA I I I c4n III ccn I I I cm-l III =An II 



BGSD-99.12A 1 BC-SD-99-13 I BC-SD-99-14 I BC-SD-99.15A 

NNB-BCM-SD-99-12A 1 NNB-BCM-SD-99-13 1 NNB-BCM-SD-99-13P 1 NNB-BCM.SD-99.14 1 NNB-BCM-SD-99-15 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

Chemical 

Benzene 
Bromodichloromethane 

IL Bromoform . . 

BC-SD-99”12A BC-SD-99.13 BC-SD-99-14 
1 

BC-SD-99.15A 
NNB-BCM-SD-99.12A NNB-BCM-SD-99-13 1 NNB-BCM-SD-99-13P NNB-BCM-SD-99-14 NNB-BCM-SD-99-15A 

11118/99 1111819~ I ’ ’ II 8l99 1-I II 8199 11/18/kJ9~~ 
NA NA 1 NA NA NA 
NA NA 1 NA NA NA . . . . 

! NA 1 NA 1 NA I NA I 
.I” I . . . 

NA 1 . . . 
! NA I NA 1 NH 1 NH 1 

. . 
NA I 

11 Carbon disulfide 
-arbon tetrachloride 

I NA 1 NA 1 NA NA NA 
NA 1 NA 1 NA NA NA . . . . . 

Ethylbenzene NA NA NA NA NA 
Methylene chloride NA NA NA NA NA 
Styrene NA NA NA NA NA 
Tetrachloroethene NA NA NA NA NA 
Toluene NA NA NA NA NA 
Trichloroethene 
Vinyl chloride 

I NA 1 NA 1 NA NA 1 NA 
NA 1 NA 1 NA NA 1 NA . 

DRAFT .\ 



Tab&c A-2 
A,Irn y&a, vaw ‘“U,,~~.rV W.l I”.. ” AS++: al n tn C,wfarn Cerliq3nntc 

Naval Station Norfolk, Norfolk, Virginia 

Phemid 

, 

PkP3Y’JJ’I vm B&SD-99-1 7 EC-SD-99-18A BC-SD-99-19 BC-SD-99.20 

NNB-BCM-SD.99.16A NNB-BCM.SD-99-17 NNB-BCM-SD-99.18A NNB-BCM-SD-99-19 NNB-BCM-SD-99-20 
~~MRI00 11 Ii 8/Ml 11 I1 8199 11119199 1 l/l 9/99 

Thallium 
Vanadium 
7irw 
WI, r” 

PesticidelPolychlorinated Biphenyls (UG/KG) 
4,4’-DDD 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

BGSD-99.16A BC-SD-99-17 BC-SD-99.18A BC-SD-99-19 BC-SD-99-20 
NNB-BCM-SD-99.16A NNB-BCM-SD-99-17 NNB-BCM-SD-99.18A NNB-BCM-SD-99-19 NNB-BCM-SD-99-20 

Chemical 1 Ill 8199 11/18/99 ma/99 1 l/l 9/99 1 l/l 9199 
Aroclor-1242 42.0 U 44.0 UL 48.0 U 220 UL 230 UL 
Aroclor-I 248 42.0 U 44.0 UL 48.0 U 220 UL 230 UL 
Aroclor-I 254 42.0 U 44.0 UL 48.0 II 330 III 230 UL I ..-__. 
Aroclor-I Dieldrin ,-_ 260 42.0 4.20 .-.- U U - 44.0 4.40 .._ UL UL -- 48.0 .-.- U - 1 --- 220 u -- L 

Endosulfan I 
Endosulfan II 
Endosulfan sulfate 

.-_ - .- -- ..__ - 
2.10 u 2.20 UL 2.40 U 11 .” “I.. IL.V VI. 
4.20 U 4.40 UL 4.80 U 22.0 UL 23.0 UL 
A211 II 4.4n III 48l-l II 77 n I II !x!n ill 

II - 
..-- - .._ _- .,-- - --.- -- c. 

Fndrin k&m I 4711 III I II i AR0 II 73n Iti I !Y 
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Tt,b.ti A-2 
An&dCai Beta - Swfece Sediments 

Naval Station Norfolk, Notfo/k, Virginia 

BC-SD-99.16A BC-SD-99-17 BC-SD-99.18A BC-SD-99-19 BC-SD-99-20 

NNB-BCM-SD-99.16A NNB-BCM-SD-99-17 NNB-BCM-SD-99.18A NNB-BCM-SD-99-19 NNB-BCM-SD-99-20 
Chemical 1 l/l 8199 1 l/18/99 11 I1 8199 11119199 1 l/l 9199 

2,6-Dinitrotoluene 420 U 440-u 480 UL 2,200 u 2,400 R 
24hloronaphthalene 420 U 440 u 480 UL 2,200 u 2,400 R 
2-Chlorophenol rnn If nnn 11 AQfl II 3 7nn I I 9 nnn 1 I 

II 
2-Methylnaphthalene I 4LU u 1 wtv u 1 9"" "I., L,L"" " , L,*UV n 
n .‘-rL..I-L---l nnnll I AQfl I I i 7 7nn II I 9nnn II 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

11 lsophorone I ‘. 420 U 1 440 u 480 U 2,200 u 2,400 U 
11 

-.-. .~-.- 
Naphthalene ! 420 U 1 440 u 1 480 ULI 2,200 u 1 2,400 R 

II Nitrobenzene I 420 U I 440 u I 480 ml 2.200 u I 2.400 R 

II n-Nitrosodiphenylamine I 420 U 1 440u 1 480 ULI 2,200 u 2,400 R 
Volatile Organic Compounds (W/KG) I I I I I 

I 
I I 

IAF 
3 



Tame A-2 
An&$lcai Da&. %wfacn Re&menfs WI. .“TW - 

Naval Station Norfolk, Norfolk, Virginia 

* BC-SD-99.16A BC-SD-99-17 BC-SD-99.18A 
NNB-BCM-SD-99.16A NNB-BCM-SD-99.17 NNB-BCM-SD-99.18A NNB-BCM-SD-99-19 NNB-BCM-SD-99-20 

1 l/l 8199 11118/99 1 l/l 8199 11/19/99 11119199 
hlA hlA hlP hlA MA 
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Table A-2 
Analytical Data - Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 
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Taut* A-2 
Analvtienl n&a - Surfa,ce ~&iments .J .--. - 

Naval Stafion Norfolk, Notfoik, Virginia 

I I BC-SD-99-21 i BC-SD-99-22 1 BC-SD-99=23 1 BC-SD-99-24 i JJC-SD-99-25 11 

II 
I 

NNB-BCM-SD-99-21 1 NNB-BCM-SD-99-22 1 NNB-BCM-SD-99-23 1 NNB-BCM-SD-99-24 1 NNB-BCM-SD-99-25 AA .A^,^_ II 
I! Chemical I 11119i99 I 11/19/99 I lli19199 I 11/19/99 I ll/lLvYY 

.-A II 
1 

Aroclor-1242 180 UL 190 UL 190 UL 100 UL 4l.U u 

Aroclor-1248 180 UL 190 UL 190 UL 100 UL 47.0 u 
Aroclor-1254 ia0 UL 190 UL 190 UL 100 UL 

Dieldrin 
Endnsulfm I 
tnaosurran II 
Endosulfan sulfate 
Enddn 

IU 
I 18.0 uL I 19.0 UL , )U 

9.20 IIL I 9.an UL I 9.30 UL I 5.20 UL I 2.40 U 
ltw UL 1Y.U UL 1Y.U UL IU.U UL x,3 u 

18.0 uL 19.0 UL 19.0 UL 10.0 UL 4.70 u 
18.0 UL 19.0 UL 19.0 UL 10.0 UL 4.70 u 

‘III I 

1,2,4-Trichlorobenzene 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
1,PDichlorobenzene 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
1,3-Dichlorobenzene 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
1 A-Dichlorobenzene 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
2,2'-Oxybis(l-chloropropane) 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
2.45Trichlorophenol 4.600 U 4.900 u 4.600 u 2.600 U 1,200 u 
2,4,6-Trichlorophenol 1,900 u 2,000 u 1,900 u 1,000 u 480 u 

2,4-Dichlorophenol 1,900 u 2,000 u 1,900 u 1,000 u 480 u 
2,4-Dimethylphenol 1,900 u 2,000 u 1,900 u 1,000 u 480 U 
2,4-Dinitrophenol 4,600 U 4,900 u 4,600 U 2,600 U 1,200 u 
2,4-Dinitrotoluene 1,900 u 2,000 R 1,900 u 1,000 u 480 UL 
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DRAF - 
> 

. . 
) 

-I--- - , 
I innnir I 3 nnn ii 1 1,900 u 1 1,000 u 1 480 i 

I 1 nnn I a I Q m-m I I I 4 m-m I II II 
.I”“” v  W,““” w 

4,600 U 4,900 R 1 4,uuu u 1 L,““” ” , I,LYU VI” 
1,900 u 2,000 u 1 I I 4nn ii I ‘,““” ” 1.000 u I ,--- - 480 1J II 

1,900 u 2,000 R , 1 will I I I l,““” ” , l-non II I I isn 1-u II 
4,600 U 4,900 R l 

I 
d 6nn 1 i I 

a,““” ., 2.600 U t 1.2ii d 
4,600 U ,I 4,900 u I , ARfh7 I I I -r,““” ” , 2ion 1-J I -,--- ” 1 ‘i-nn n-11 
1,900 u 2,000 R 1 I 

innnil S,““” w I 1.000 u I “1;ii ;Lll -_ -- 

1,900 u 2,000 u l , i cm 11 I l,““” ” 1:ooo IJ I .,___ - AmI II II .“” - 

I;900 u 2,000 R 1 
1,900 

u 1 
1,000 

u 1 
480 Ut 

1,900 u 2,000 R l I 14nnli I ‘,““” ” , 1.000 u ,.._ - I 480 ._” -- II MI 

1,900 u 2,000 R l , I onn II I l,““” ” , innnil I .)“..” ” Am-l I I II 
4,600 U 4,900 R 1 I 

d13nn I I ‘I”“” w I 2.600 U 1 
2:fion iI I 

IiF;;; ;1Lfl .,-__ -- 

4,600 U 4,900 u I , dmn I I I T,““” ” -,--- ” I 7nn l l II 
1.900 u 2.000 R I i.nnn Ii I 1,000 u I “48;) GLII 
1:ann 1-1 

-  - ,  _ -  . , - - -  ”  

dhvlene I I 7nnn R‘ 1,900 u 1,000 u 1 
1.900 II 1,000 u I 

P-Nitroaniline 
P-Nitrophenol 
3,3’-Dichlorobenzidine 
3-Nitroaniline 
4,6-Din&o-2-methylphenol 
4-Bromophenyl-phenylether 
4-Chloro9-methylphenol 

4-Chloroaniline 4-Chlorophenyl-phenylether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 

.,““” I 

1 ann i 1 I 
,... - 

i.nnn iI I Am7 I II II 

.I”“” I 

1 ann 1 i I 
.-- “_ 

i.oon (1 I 4An i ii II 

.I”“” I .“_ -- 

i ann II I l.oon iI I AR-I Ill II 

t 

l,““” ” .“” “I 

1,900 u 1 1,000 u 1 480 UL 



The A-2 
AfidyMa!-Data = Surface Sd!wn@ 

Naval Sfafion Norfolk, Norfolk, Virginia 

. .,--- - 
2.000 R 1.900 u I I.000 u I 

II 1 ,l ,l -Trichloroethan.. I 1 ., . ,.,. , . ., . I v ,. . 
1 .I .2.2-Tetrachloroethane I NA 1 NA 1 NAI, ;;b;l NA iI I I~-, 

1,1,2-Trichloroethane 
1 ,I-Dichloroethane 
1 ,l-Dichloroethene 
1 ,I?-Dichloroethane 
1,2-Dichloroethene (total) 
I .PDichloromoDane 

NA I NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA ,. NA , 
NA NA NA NA NA 
NA NA NA NA NA 

2”Butanone NA NA NA NA NA 
2-Hexanone NA NA NA NA NA 
4-MethylP-pentanone NA NA NA NA NA 
Acetone NA NA NA NA NA c 
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Table A-2 
Analytical Data = Surface Sediments 

Naval Station Norfolk, Norfolk, Virginia 

BC-SD-99-21 BC-SD-99-22 BC-SD-99-23 BC-SD-99-24 BC-SD-99.25 
NNB-BCM-SD.99.21 NNB-BCM-SD-99-22 NNB-BCM-SD-99-23 NNB-BCM-SD-99-24 NNB=BCM-SD-99-25 

Chemical 11/19/99 11119199 1 l/l 9199 1 l/l 9199 1 l/l 8199 
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Ax,lytka! Data 5 Subwface Sediments 
Naval Sfafion Norfolk, Norfolk, Virginia 
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Table A-3 
Analytical Data - Subsurface Sediments 
Naval Station Norfolk, Norfolk, Virginia 

n 
Chemical 

Aroclor-1242 
Aroclor-I 248 
Aroclor-I 254 

BC-SD-99-12B 1 BC-SD-99.15B I BC-SD-99-16B 1 BC-SD-99.18B 
NNB-BCM-SD-99-128 1 NNB-BCM-SD-99-158 1 NNB-BCM-SD-99.16B 1 NNB-BCM-SD-99-188 1 NNB-BCM-SD-99-18BP 

I 11118/99 I 11118/99 I 11118/99 I 1 l/l 8199 I 11/18/99 
I C7l-l 111 I “CIA II I rcn 111 I rnn III Inn II 

1 
a1.v VL 4L.V u cm.u UL 4a.u u 40.u u 
57.0 UL 42.0 U 55.0 UL 43.0 u 43.0 u 
57.0 UL 42.0 U 55.0 UL 43.0 u 43.0 u 

II Aroclor-I 260 



Tab %r: A-3 
AnaI$ical DE& - Subsurface Sediments 
Naval Station Norfolk, Norfolk, Virginia 

II- I BC-SD-QQ-12B I BC-SD-99.15B I BC-SD-99.16B I BC-SD-99.18B il 

Chemical I 11/18/99 I 1 l/l 8199 I 111 

- _ _- __ .~~ _~ -. .~ 
NNB-BCM-SD-99.12B 1 NNB-IkM-SD-99-158 1 NNB-IkM-SD-99.16B 

I 
NNB-BCM-SD-99.18B 1 NNB-BCM=SD-99.18BP 

18199 1 l/l 8199 I 11118/99 
I 570 UL I 420 U I 550 u 430 u I 430 u II 2.6.Dinitrotoluene -, _ . . . _ _- ._._. ._ _ - 570 -- 

2-Chloronaphthalene UL 
420 u 1 

550 u 430 u 430 u 
P-Chlorophenol 570 u 420 U 550 u 430 u 430 u 
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Response to Comments 
Draft Ecological Risk Assessment for Bausch Creek 

Naval Station Norfolk, Norfolk, Virginia 
Dated April 2003 

This document responds to comments from the U.S. Environmental Protection Agency (letter 
dated 30 September 2003) on the draft ecological risk assessment for Bausch Creek, Naval 
Station Norfolk, Norfolk, Virginia (April 2003). 

The original responses were discussed during a 26 February 2004 conference call of the NSN 
Eco Subgroup and key changes, as identified below, were made to several of the responses. 
This does not mean, however, that there was full agreement within the Subgroup on all of the 
details of the responses or in all of the methods and approaches used in the EEA. The 
Subgroup did agree that the draft ERA does not need to be revised (i.e., issued as a final 
document) but rather that the issues addressed by these comments and responses should be 
considered in the Step 7 ERA report. In addition, the Subgroup has concluded that the EEA 
process should move forward to scope the Step 4 EEA studies. 

General Comments 

I 
1. The entire potential chemical migration pathway to Bausch Creek is not adequately 

addressed in this document. Specifically the pathway to, and including, the 3,900 feet of 
Bausch Creek that is culverted, as well as Willoughby Bay is not adequately addressed. In 
addition, this ERA does not adequately address the ecological information from the other 

Superfund Sites (CD Landfill, LP 20, and Camp Allen Salvage Yard) that potentially 
impact Bausch Creek. - 

The spatial focus of the ERA was discussed, and consensus achieved, during a 28 February 
2002 Eco Subgroup call (as documented in the presentation developed by the Eco Subgroup 
that was presented to the partnering team at the March 2002 partnering meeting) and at the 
March 2002 partnering meeting (see the final meeting minutes). The Navy believes that the 
available data, as summarized and evaluated in the ERA, support the spatial focus of the 
assessment on the upper portions of the Bausch Creek system (i.e., upgradient of the 3,900- 
foot culvert) given the objective of the document (to evaluate potential impacts to the creek 
as related to the Camp Allen Landfill [CAL]). The focus on the CAL is a direct result of the 
genesis of the Bausch Creek ecological evaluation, which began following the Remedial 
Investigation/Feasibility Study (RUES) for the CAL. The RUES process resulted in the 
implementation of remedial actions at CAL (i.e., covering the landfill and installing a 
groundwater capture and treatment system) but deferred a more detailed evaluation of 
Bausch Creek to a future ecological evaluation. This future ecological evaluation began in 
1997. It should be noted that samples collected from Bausch Creek in 1997, and again in 
1999, provided the bulk of the data used quantitatively in the current ERA document and 
that both sampling programs were jointly scoped with the Region III BTAG. f V 

Since the focus of the ERA is on the CAL, other potential source areas are addressed more 
qualitatively, in an attempt to elucidate the distribution patterns of chemicals in the surface 
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water and sediment of the Bausch Creek system. It should be noted that remedial actions 
resulting in source control have been implemented at the CD Landfill (as well as at the CAL) 
and that such actions are currently being implemented at the Camp Allen Salvage Yard 
(CASY). The following text will be added to the Bausch Creek (CAL) ERA document to 
further address the issue of other major potential source areas in the Bausch Creek system: 

Y---y 

l CASY - The Naval Station Norfolk Partnering Team developed a consensus item at the 
March 2002 partnering meeting that stated: “Ecological issues related to Camp Allen 
Salvage Yard will be handled in the CASY PRAP/ROD. The pond at CASY will be 
resolved by cleaning the pipes and filling in the pond to eliminate the pathway to 
ecological receptors. In addition, the Team agrees to complete Step 3B of the ERA for 
Bausch Creek as related to the Camp Allen Landfill”. 

As noted in the draft Proposed Plan for the CASY (December 2003), the limited habitat 
for ecological receptors, and thus limited potential for ecological exposures from the site, 
has led the Naval Station Norfolk Partnering Team to determine that ecological issues at 
the site may be resolved with remedies designed to eliminate any potential pathways to 
ecological receptors at, or downgradient of, the site, including Bausch Creek. These 
remedies are currently being implemented or are already in place. 

CD Landfill - The Decision Document for Operable Unit 1 of the CD Landfill addressed 
sediment issues. Surface runoff at the CD Landfill was primarily accommodated by two 
drainage ditches located at the northern and southern boundaries of the landfill which 
merged at the eastern end of the site. The merged ditch serves as the “headwaters” of a 
drainage channel that is a tributary to the main channel of Bausch Creek. While the 
remnant tributaries of Bausch Creek are tidal throughout the Base, the drainage ditches 
bordering the CD Landfill are not tidal except in the immediate vicinity of the confluence 
with the main Bausch Creek channel. The principal threat to ecological receptors posed 
by conditions at OU 1 of the CD Landfill site, as documented in the CD Landfill RI, was 
from localized areas of sediment contamination within the on-site drainage ditches, in 
particular the southern ditch. This localized contamination was restricted to the 
immediate vicinity of the landfill and did not extend to the confluence with the main 
channel of Bausch Creek. The removal of the contaminated sediments eliminated this 
potential threat. 

l LP-20 Area - The lower reaches of Bausch Creek, which includes the LP-20 area (e.g., 
Sites 20 and 23), will be evaluated in a separate assessment. 

Additional information will be presented and/or collected as part of the Step 4 studies to 
characterize potential fate and transport from CAL to the lower reaches of the creek. 

2. We concur with the recommendation that the ERA process continue. However, it is not 
clear if restricting the ERA process to metals in zones 1 through 5 of the upper creek is 
appropriate. It is unclear why pesticides and PAHs in the whole creek, and metals in the 
lower reaches of the creek have been eliminated from further consideration. The 
information presented in the report is insufficient to eliminate these chemicals from 
additional consideration. 

The ERA does not restrict the continuance of the ERA process to metals in Zones 1 through 5 
of the upper creek. Rather, the ERA concluded, based upon the available information, that 
metals were likely to represent the key risk drivers and that the area represented by Zones 1 
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through 5 was likely to constitute the area with the highest potential risks. As a result, the 
ERA recommended that the later steps in the ERA process focus on metals in the sediments 
of the upper creek reaches (Zones 1 through 5). Other chemical groups (i.e., pesticides, PCBs, 
and PAHs) were identified as COCs in creek sediment and a number of chemicals were also 
identified as COCs in the sediment of the lower creek (see Table 4-131. 

Specific Comments 

1. On page I, the Executive Summary indicates that this screening ecological risk assessment 
and step 3 of the baseline ecological risk assessment are for Bausch Creek, “...as associated 
with Site 1 (Camp Allen Landfill).” It is not clear why Camp Allen Landfill has been 
specifically identified as a focus when there are other Superfund Sites (such as Camp Allen 
Salvage Yard, CD Landfill, and LP20) associated with Bausch Creek. This needs to be 
clarified. 

Please see the response to General Comment 1. 

2. On page II, the Ecological Risk Assessment Results for Surface Water states, “Surface 
water samples from the main creek channel were not available for the lower reaches.” 
This represents a data gap and it needs to be determined if this data gap needs be filled. 

When the 1999 sampling program was jointly scoped with the Tier I and BTAG, it was 
concluded that surface water sampling was not necessary because the 1997 data were 
sufficient for the beginning steps of the ERA process. The need for additional surface water 
sampling will be reevaluated during the scoping process for the Step 4 studies. 

3. On page III, the Ecological Risk Assessment Results for Surface Sediments indicates that 
the draft sediment quality criteria for five non-polar organic chemicals (three PAHs and 
two pesticides) are sufficient to suggest ” . ..that potential exposures and risks are limited 
for organic chemicals.” The potential uncertainties associated with this relationship would 
appear to negate this suggestion. 

A discussion of the uncertainties associated with equilibrium partitioning will be added to 
the uncertainty section of the document. Bioavailability is a key consideration in evaluating 
potential risks. This will be considered more quantitatively when scoping the Step 4 studies. 

4. On page III, the Ecological Risk Assessment Results for Surface Sediments states, “This 
suggests that chemicals related to these sources are not migrating (and have not migrated) 
to the lower portions of Bausch Creek (north of the runway), and/or Willoughby Bay, in 
significant quantities.” The fact that chemical concentration gradients exists in Bausch 
Creek does not necessarily support the purported no migration theory. Without 
measurements of quantities of chemicals or mass loading of chemicals to Willoughby Bay, 
the data reported does not support or refute whether or not significant quantities of 
chemicals have entered Willoughby Bay via Bausch Creek. 

The 1999 Bausch Creek sampling program, as jointly scoped, was specifically designed to 
evaluate the presence of concentration gradients within the Bausch Creek system and thus 
source attribution and migration potential. As discussed in the response to General 
Comment 1, the focus of the ERA is on the CAL. The Navy believes that the existing data 
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show that significant migration to the bay from CAL is not occurring nor has occurred in the 
past. Possible migration from other potential source areas to the bay via Bausch Creek (e.g., 
the LP-20 area) will be evaluated, as warranted, on a site-specific basis. 

5. On page 2-4, Section 2.2.1.4, Surface Water Bodies, indicates there are 29 Bausch Creek 
outfalls. Figure l-l, Location Map, appears to only show 28 of these 29 outfalls. The 29th 
outfall should be added to this map. 

The missing outfall will be added to the figure. 

6. On page 3-1, Section 3.1, Site Background and History, indicates that regardless of other 
IRE sites that border either Bausch Creek or its tributaries, “...the defined scope of this 
ERA is focused on the CAL.” This focus on the Camp Allen Landfill is still not logically 
described in this document. In fact, all of the IRE sites, including Camp Allen Salvage 
Yard, CD Landfill, and LP20, need to be the focus of this ERA for Bausch Creek. 

Please see the response to General Comment 1, which will be added to the document. 

7. _ Section 3.3.1.1, Habitats, presents a description of the habitat present in Bausch Creek. The 
section does not provide detailed descriptions of the types of wetlands present in the 
creek, and the dominant vegetation. A more detailed description of the wetlands in the 
creek should be provided. 

More detail will be provided where available information permits. A more quantitative 
characterization of habitat types and quality will be considered as part of the Step 4 studies. 

8. Section 3.3.1.3, Site Hydrology, on pages 3-8 and 3-9 states that a 1995 dye tracer study was 
considered in the evaluation to directly measure the amount of dilution that occurs in 

,r, 

Bausch Creek and Willoughby Bay. More detailed information should be provided on this 
study, including the time of year that the study was performed, and whether the flow 
would be considered above, at, or below normal from baseline conditions. 

The original study report will be reviewed and the requested information will be added to 
the ERA if available. 

9. On page 3-9, Section 3.32, Summary of Available Analytical Data, states, “The data 
selected for quantitative use in the ERA were limited to the 1997 and 1999 surface water 
and sediment samples collected in the creek outside of the CASY and upstream of the 
3,900-ft culvert....” This document still does not adequately address why the entire Bausch 
Creek potential chemical migration pathway to, and including, Willoughby Bay was not 
included in this EEA. This is a major omission which leads to the conclusion that this ERA 
is incomplete. 

Please see the response to General Comment 1 and Specific Comment 4. 

10. On page 3-10, Figure 3-4 is referred to as showing the inflows to Bausch Creek. This figure 
is actually the diagramatic conceptual site model. It is not clear if this figure reference 
should actually be to a map of the site with storrnwater drainages. 

The reference to Figure 3-4 should be to Figure l-l. This correction will be made. 

11. Section 3.3.3.1, Potential Source Areas, on page 3-10 states that as discussed at the March 
2002 Tier I partnering meeting, the scope of the ERA was limited spatially, in terms of 
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quantitative risk evaluation to the upgradient end of the 3,900 foot culvert connecting 
Bausch Creek to Willoughby Bay. Justification should be provided stating why 
downgradient areas will not quantitatively evaluated, particularly when the migration 
pathway to Willoughby Bay is complete, and no samples have been collected from the bay. 

Please see the response to General Comment 1 and Specific Comment 4. 

12. On page 3-10, Section 3.3.3.1, Potential Source Areas, identifies specific street names. 
However, none of the figures appear to have any street names labeled. These referenced 
street names should appear on the figures. 

Referenced street names will be added to the figures. 

13. On page 3-12, Section 3.3.3.4, Receptors, indicates that fish and benthic invertebrates “were 
not chosen as receptors.” This statement is contradicted by the information presented in 
Table 4-3. The document further states that the data base on fish is limited, but there is no 
justification given for this statement. At a minimum, the document needs to document 
how the data base is limited and specifically why it cannot be used to assess ecological risk 
to fish in Bausch Creek. 

As discussed in Section 3.3.3.4, fish and macroinvertebrates were included as receptors in the 
ERA (see Table 3-10) but were included as receptor groups, that is, individual species were 
not chosen to represent these receptor groups as was done for birds and mammals for the 
reasons outlined in the text. The text will be reworded to make this clearer. 

14. On page 3-15, Section 3.4.2.1, Screening Exposure Point Concentrations, states, “Tissue 
concentrations in the aboveground vegetative portion of wetland plants were estimated....” 
There is no corresponding statement regarding the below ground vegetative portions of 
wetland plants. Since roots, tubers, and above ground portions of plants are potential food 
for ecological receptors, and they are known to accumulate chemicals differentially, it is 
not clear why the entire plant structure is not being evaluated in this ecological risk 
assessment. 

Where available data permit, exposures from the ingestion of roots/tubers will be estimated 
for the appropriate receptors (e.g., muskrat). If available data are not sufficient to estimate 
these exposures, discussion will be added to the uncertainty section. 

15. Section 3.5.2, Ingestion Screening Values, on page 3-17 states that for food chain modeling, 
ingestion screening values based on growth and reproduction were used to evaluate risk 
to upper trophic level receptors. Table 3-15 provides ingestion screening values for 
mammals. The no observed adverse effect level (NOAEL) and lowest observed adverse 
effect level (LOAEL) proposed for evaluating risk from polychorinated biphenyls (PCB) 
are primarily 0.069 mg/kg/day and 0.69 mg/kg/day, respectively, for different arochlors. 
BTAG has recently identified information on the effect of PCBs on mink with a screening 
value that is much lower than the values listed in Table 3-15. Two recent 
multigenerational studies have developed NOAELs and LOAELs based on mink 
reproduction and kit survival (0.003 and 0.19 mg PCB/kg bw/day) and kit growth (0.003 
and 0.051 mg PCB/kg bw/day) from work in Saginaw Bay, Michigan. The first study 
(0.003 and 0.19) is from Heaton et. al. 1995. Arch. Environ. Contam. Toxicol. 28:334-343; 
the second study (0.003 and 0.051) is from Restum et al. 1998. J. Toxicol. Environ. Health 
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Part A, 54: 343-375. These more sensitive studies should be used to evaluate risk to 
mammals from PCBs. 

y---y 

The referenced studies were reviewed for possible inclusion in the assessment for the 
appropriate receptors (mink). Based upon this review, there are significant uncertainties 
associated with these two studies that would limit their applicability to this assessment. In 
both of these studies, mink were fed field-caught carp (treatment) that comprised various 
percentages of the total diet. However, in addition to PCBs, these fish contained a number of 
other contaminants, including dioxins, furans, and pesticides. The presence of these other 
contaminants increases the uncertainty of the resulting NOAEL/ LOAEL values developed 
for PCBs since the possible effects of these other contaminants were not controlled for. This 
is acknowledged in the Restum et al. study which stated that “although environmental 
contaminants other than PCBs were also present in the carp fed to the mink in this study, the 
extent of the toxic contribution of these contaminants is difficult to assess. There is little or 
no information available on the effects of many of these contaminants on mink”. Controlled 
laboratory studies with mink and PCBs have typically yielded NOAEL and LOAEL values 
similar to the ones used in the assessment (differences can generally be attributed to factors 
such as varying assumptions in converting dietary concentrations to daily doses and the 
uncertainty factors that were applied). 

It should be noted that modifying the current LOAEL value (0.69 m&kg/day) to the lower 
values of either 0.19 mg/kg/day (a factor of about 3 lower) or 0.051 mg/kg/day (a factor of 
about 13.5 lower) would not result in any of the Step 3A LOAEL-based HQs exceeding one 
(see Table 4-S). 

16. On page 3-17, Section 3.6.1, Selection of Chemicals of Potential Concern (COPCs), does not /Y-y 
appear to address whether or not chemicals with concentrations less than detection limits 
and detection limits greater than ecologically sensitive screening values will be included in 
the list of COPCs. 

Non-detected chemicals with maximum reporting limits exceeding screening values were 
identified as COPCs following Step 2 as discussed in the subsequent subsections. However, 
non-detected chemicals which lacked screening values were not identified as COPCs, as 
discussed in the uncertainty section. 

17. On page 3-19, Section 3.7, Screening Risk Conclusions, contains the single statement, 
“COPCs were identified in each of the media evaluated (Table 3-20).” The outcome of a 
screening ecological risk assessment will typically result in one of the following 
conclusions: a) There is adequate information to conclude that ecological risks are 
negligible and therefore no need for remediation on the basis of ecological risk; b) The 
information is not adequate to make a decision at this point, and the ecological risk 
assessment process will continue to Step 3; or c) The information indicates a potential for 
adverse ecological effects, and a more thorough assessment is warranted. The last 
conclusion applies in this instance. 

Agreed. The text will be revised to.indicate that the results of the Step 2 assessment warrant 
proceeded to Step 3. 

18. Section 4.1, Refinement of Conservative Screening Assumptions, on page 4-l states that in 
cases where adequate spatial sampling coverage exists, mean concentrations are r”l 

appropriate for evaluating potential risks to populations of lower trophic level receptors 
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because the members of the population are expected to be found throughout the site. This 
assumption does not consider the size of the site being evaluated (area represented by a 
single sample), and ecological risk from localized areas of contamination (hot spots). It 
would be more appropriate to evaluate risk spatially in terms of area of the site where 
potential risk to lower trophic level receptors would be predicted. Once the area of risk is 
presented, the significance of this area relative to the population at the site could be 
discussed. Using only means to eliminate contaminants from further consideration 
without discussing these issues is unacceptable. 

The spatial distribution of the chemical concentrations was considered during the risk 
evaluation to avoid overlooking potential localized areas of contamination. Evaluations 
using area-specific means were used as a supporting line of evidence. Other factors such as 
spatial distribution, home range, and habitat were also considered. 

19. On page 4-1, Section 4.1, Refinement of Conservative Screening Assumptions, indicates 
that central tendency estimates (rather than high end or maximums) would be used in the 
baseline ERA (BERA). While it is acceptable to consider central tendency in ecological risk 
assessment, decisions on being protective of ecological receptors need to be based on 
reasonable maximurn exposure (RME) estimates of both current and future land-use 
conditions. The intent of the RME is to estimate a conservative exposure case (i.e., well 
above the average case) that is still within the range of possible exposures. 

Reasonable maximum and average exposures will be integrated in the risk evaluation. 

20. Section 4.1, Refinement of Conservative Screening Assumptions, on page 4-l states that 
since upper trophic level species are highly mobile, they would be expected to effectively 
average their exposure over time as they forage within the area defined by their home 
range. The section further states that average prey concentrations are most appropriately 
estimated using mean estimates of media concentrations and accumulation factors. The 
media concentration used to estimate tissue concentrations should be based on the home 
range of the receptor being evaluated, since for Bausch Creek, the home range for certain 
receptors may be smaller than the total acreage represented by Bausch Creek. 

While it is true that the home range size for the upper trophic level receptors evaluated in the 
ERA is less than the size of the Bausch Creek system, home range sizes apply to individual 
organisms. Average exposures are still relevant for populations, on which the assessment 
endpoints are based. Also, the area of suitable habitat present within the area evaluated, not 
the total size, is the relevant factor. 

21. Section 4.1, Refinement of Conservative Screening Assumptions, on page 4-2 states that 
chemicals that were detected in less than 5 percent of the samples in a medium were not 
considered COCs in that medium if at least 20 samples were available. The justification to 
eliminate chemicals based on low frequency of detection should be based on the spatial 
extent of risk. Using frequency of detection alone is inappropriate for sites that are very 
large, where one sample represents a significant area of the site. Therefore, frequency of 
detection should not be used to eliminate chemicals from further evaluation. 

The use of a frequency of detection criterion is appropriate in an ERA if used judiciously. 
Frequency of detection was used only when samples sizes were adequate (n 1201, and spatial 
distribution was considered in a qualitative manner. In addition, no chemical was screened 
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out based solely on this criterion so the application of this criterion would not have resulted 
in any “hot-spots” being inappropriately excluded. 

22. On page 4-3, Section 4.2.1, Data Groupings, indicates that the data collected from Bausch 
Creek are being divided into two groups designated as the upper reach and the lower 
reach. It is not clear why these data groupings were selected and if they are ecologically 
meaningful. In addition, it is not clear how these two groupings of data relate to the eight 
zones that are used in the spatial trend analysis, see Section 4.3.3.2 on page 4-8). 

The two reaches were defined based upon proximity to the primary source area (CAL) and 
channel characteristics (i.e., the upper reaches generally contained more culverted areas and 
areas of concrete-lined channel). The upper reach encompassed Zones 1 through 5 while the 
lower reach encompassed Zones 6 through 8 (see Figure 3-3). 

23. On page 4-3, Section 4.2.2, Surface Water, states, “Thus, only an evaluation of the upper 
reaches was conducted for surface water.” This means that there are no surface water data 
for the lower reaches and this represents a data gap, which may need to be filled. 

Please see the response to Specific Comment 2. 

24. On page 4-3, Section 4.2.2.1, Upper Reaches, indicates in relationship to surface water that 
mercury was detected in the filtered samples but not the total analyses. These results are 
inconsistent. If mercury is detected in the dissolved analysis, then it should also be 
detected in the total analysis. These results need to be fully explained. It appears that 
resampling and reanalysis may be warranted. 

The text actually states that mercury exceeded screening values based upon mean dissolved 
concentrations but not based upon mean total concentrations. However, in six cases, mercury 
was detected in filtered samples but not in the corresponding unfiltered sample. The Navy 
agrees that this is unusual, especially given that the detections were generally well above 
detection limits and the data were generally not flagged J. The original laboratory reports 
will be reviewed to determine if any of these data were incorrectly entered into the data base. 
Discussion will be added to the uncertainty section, as warranted, regarding the findings of 
this review but no additional sampling is warranted solely on this basis since mercury was 
identified as a COC in surface water from the upper reaches of the creek. 

25. On page 4-4, Section 4.2.2.1, indicates that the chemicals that were retained as COPCs in 
the SERA because the reporting limit exceeded the screening value are not identified as 
PCOCs in the BERA. The information provided in this section and in the Uncertainties 
section is not adequate to support this approach. Adequate supporting documentation 
needs to be provided. This comment applies to other sections, as well. 

The explanation and justification for this approach will be expanded in the Section 4 text as 
well as in the uncertainty section. 

26. On page 4-5, Section 4.2.3.2, Lower Reaches, in relationship to sediments, states, “For the 
SVOCs, the means were influenced by elevated reporting limits in a number of the 1999 
samples. None of these undetected chemicals were identified as PCOCs in sediment.” The 
information provided in this document does not adequately support this decision to not 
identify these chemicals as PCOCs. Adequate support for this decision needs to be f---‘-? 
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provided; otherwise these chemicals become PCOCs. This concern has potential impacts 
to other sections of this document. 

The explanation and justification for this approach will be expanded in the Section 4 text as 
well as in the uncertainty section. 

27. On page 4-6, Section 4.3.1, Upper Reaches, states, “The mean concentrations of carbon 
disulfide, 2-butanone, and vinyl chloride were generally less than available screening 
values for other similar chemicals.” The use of the term “generally less” is too vague. This 
description needs to include more specifics on which concentrations were less and which 
were equal to or greater than the available screening values for other similar chemicals. In 
addition, the uncertainties of using screening criteria associated with other similar 
chemicals needs to be adequately discussed. 

The text will be revised to indicate that the mean concentrations of these three chemicals 
were less than or comparable to the available screening values for the VOCs listed in Table 
3-14 (which ranged from 31 to 110 cLg/kg for the seven relevant chemicals). The uncertainty 
section will also be revised to include a discussion of the uncertainties related to the use of 
surrogate chemicals in a screening value comparison. 

28. On page 4-7, Section 4.3.2, Lower Reaches, refers to Table 4-11, Comparison of Sediment 
Concentrations With Equilibrium Partitioning-Based Sediment Values. From this table 
and the text, it is not clear if the mean TOC and the Kow values used reflect appropriate 
RMEs. This concern needs to be adequately addressed in this section. 

Please see the response to Specific Comment 19. 

29. On page 4-7, Section 4.3.3 starts the discussion of spatial and temporal trends of sediment 
data in Bausch Creek. The information presented is not sufficient to determine if these 
data are adequate to allow a spatial or trend analysis of the chemical concentrations in the 
sediment. This concern needs to be adequately addressed in this section. 

The text provides details for relevant factors such as sample sizes, sample dates, sample 
locations, and sample depths. Please specify what additional information should be 
provided to determine the adequacy of the data set for the stated purpose. The discussion on 
spatial and temporal trends is based upon a qualitative evaluation of the available data and 
is used as a line of evidence in the assessment as related to potential transport issues. This 
evaluation was not intended to be a quantitative or definitive assessment but was rather 
intended to show the general spatial and temporal trends of chemical concentrations in 
sediment based upon the available data. Additional discussion on the limitations of this 
qualitative evaluation will be added to the uncertainty section. 

30. On page 4-7, Section 4.3.3 refers to Table 4-13 as a summary of COCs. In this table, there is 
a footnote that indicates the shaded cells indicate that exposure and risks are likely 
minimal when bioavailability factors are considered. The discussion of these 
bioavailability factors is inadequate and needs to be clarified. 

Please see the response to Specific Comment 3. 

31. On page 4-8, Section 4.3.3.2, Spatial Trends, states, “Data for the three lower zones (6,7, 
and 8) were largely from the 1999 sampling event; the other zones had more of a mixture 
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of data from multiple sampling events.” This statement suggests that temporal trend F=-? 

analysis of these three lower zones is not possible. This needs to be clarified. 

Agreed. However, the temporal trend analysis (as described in Section 4.3.3.3) was not 
conducted by zone. 

32. On page 4-9, Section 4.3.3.3, Temporal Trends, indicates that there were two to four 
samples within sample groupings in zones 1,2,3,3A, 4,5, and 7. It is not clear if the 
number of samples per grouping is sufficient to draw meaningful conclusions. This issue 
needs to be adequately discussed in this section. In addition, the uncertainties associated 
with this analysis need to be included in Section 5. 

The text of Section 4.3.3.3 lists the samples used in the temporal trends analysis. The zone 
designation was provided for information only, to help find these samples on the figures. 
For the actual analysis, all samples were pooled; zone-specific temporal trends analyses were 
not conducted. This will be explained more clearly in the text. A discussion of the 
uncertainties associated with the temporal and spatial evaluations will be added to the 
uncertainty section. 

33. The uncertainties discussion presented in Section 5 is inadequate. The implications of the 
identified uncertainties are often unsupported, as are the approaches that were taken to 
address the uncertainty. For example, the fact that reporting limits are “generally less than 
five times screening values” does not support eliminating these chemicals as COCs. 
Another example is the unsupported statement pertaining to sediment screening values 
that “These factors tend to make the resulting screening values conservative and likely to 
overestimate potential risks.” No information is presented to support the premise that ,P, 

screening values based on correlational studies overestimate potential risks. Given the 
thresholds typically represented by these values, it can be argued that the use of these 
studies may also underestimate site-specific risk. 

The uncertainty section will be expanded to clearly discuss the possible implications of each 
uncertainty on the conclusions of the ERA and to provide the supporting rationale. 

34. Section 7.1.2, Exposure Pathways, on pages 7-1 and 7-2 states that risk to lower trophic 
level receptors in the upper and lower reaches of the creek from pesticide and polycyclic 
aromatic hydrocarbons (PAH) are likely to be minimal when bioavailability factors are 
considered. This general statement regarding reduced bioavailability is not supported by 
any additional information. Discussion of the specific factors, if measured, and how they 
affect bioavailability should be presented in this report before this conclusion would be 
supported. 

Please see the response to Specific Comment 3. It should be noted that these chemicals were 
identified as COCs. 

,,- --Y,, 
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